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opinion expressed in any of its publications. 


Authors of papers and articles are requested to transfer 
Copyright. their copyright to the Institution for a period of six months 
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otherwise stated. A member whose subscription is not paid by March 31st 
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Address. to the Secretary. 
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in the Journal. Diagrams, illustrations, etc., should be suitable for direct 

photographic reproduction. Authors are informed that all papers, whether 

for reading or for publication, will be submitted to a referee nominated by 
the Publication Committee. 


Authors of papers published in the Journal are entitled to receive 25 free 
reprints of their contribution. Further copies may be obtained on payment, 
and orders for these should be sent to the Secretary when the manuscript 
is forwarded to the Editor. The free reprints do not include any discussion 
which may be published with the paper, but authors may have such dis- 
cussion included in their reprints on payment of the additional cost. 

Galley proofs of the paper to be read at a General Meeting are availabie 
at the time of the meeting, but members desirous of receiving such galley 
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Binding of Members desiring to have their Journals bound in cases 
Journals. should send them, together with a remittance of 5s. 6d, 
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Abstracts. specifications are published with each issue of the Journal, 
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printed on one side of the paper only can be supplied with these at a charge 
of 10s. per annum per copy, payable in advance. 
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presented the best paper during the session. 
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and all applications in connection therewith must be made on a special form 
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A register of members requiring appointments is kept 
Appointments at the office of the Institution for the convenience of firms 
Register. requiring the services of petroleum technologists, etc., it 
being understood that the Institution accepts no responsi- 
bility and gives no guarantee. 
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Library. _ hours of 10 a.m. and 5.30 p.m. daily. (Saturdays, 10 a.m. 
to 12 noon.) 


Advertisements are inserted in the Journal, and informa- 
Advertise- tion as to terms, etc., can be obtained from the Advertising 
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LONDON SCHOOL OF HYGIENE AND TROPICAL 
MEDICINE. 


(University of London.) 


The next series of eight Lectures and Demonstrations on Tropical 
Hygiene, which are intended for men and women outside the 
medical profession proceeding to the Tropics, will be given by 
Lieut. ‘Col. G. E. F. Stammers, 0.B.E., M.R.CS., L.R.C.P., D.P.H., 
from March 6 to 15, 1933. 

These courses of instruction, in addition to providing simple 
rules for guidance in regard to personal hygiene and preparation 
for life in the Tropics, will also embrace a short account of some 
of the more common diseases, with advice in regard to measures 
of protection and self-treatment. 


The synopsis and other particulars can be obtained from the 
Secretary, London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower. Street, W.C. 1. 
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NOMINATIONS FOR MEMBERSHIP OF THE 
INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


The following have been nominated for membership of the 
Institution of Petroleum Technologists and their Application Forms 
may be seen at the Offices of the Institution :— 
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SANDERS, Charles Craven, Engineer, 
Buckland Court, 
Surrey 
WIGNER, Arthur Norman, 
Director, Beachcroft, 
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As Associate Members. 
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Mexico 
Barnton Terrace, inb 
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TROFIMOFF, Paul Engineer, 
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Ae te to Associate Members. 
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Cu1sHoum, Roderick Aeneas, 
Chemist, 66, 
Chelsea, 8.W.3 .. 


Proposed by 


J. 8. Hatfield 


F. H. Garner 
J. McConnell 


W. W. Connor 


W. C. Webber 


R. M. Beesley 


H. I. Waterman 


F. B. Thole 


R. M. Stiles 
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P Custwix, Harry William, Lubricat- 
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PH, Kine, Frederick William Scott, 
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t of Engineer, C.M.P.A., Apartado 
161, Mexico .. F. 8. Smith 
of Hessets, William Jan, Chemical 
Oude Delft 170, Delft, 
Hi at OH. A. van Westen 
As Student. 
rees 
A. E. Dunstan 
As Associates. 
GaranD, Albert Elisee Eugene, 
General Manager, 134, Boulevard 
Haussmann, Paris 3° D. R. McKinney 
7 Grant, Edward George, Oil Broker, 
9, Chiltern Drive, Surbiton, Surrey A. W. Cox 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


Tue One Hunprep Forry-Seventa General Meerine of 
the Institution was held at the House of the Royal Society of Arts, 
John Street, London, W.C. 2, on Tuesday, January 10th, 1933, the 
Chair being occupied by Mr. J. Kewley, President. 


The Secretary read the names of candidates nominated for 
election, and the following list of members elected :— 

As Members.—William Gordon Adam, Fergus Borth Henry Edward 
Edward George Winsor. 

As Associate Member—Ivor Gray Nixon. 

As Tranafer to Associate Member.—Reginald Louis Saville Paniaset. 

As Students—Basil Claude Ferguson, John Marcel Raymond Hora, 
Philip Stanley Keeling. 

The following paper was then read and was illustrated by about 
40 lantern slides :— 


Aircraft in Relation to Petroleum Technology : 
Use for Survey and Transport. 


By H. Hemuine, A.F.C., F.R.G.S., A.F.R.AeS. 


INTRODUCTORY. 


The lecturer has been concerned with commercial air survey 
operations since their inception after the war, more on the 
organisation, finance and business side, rather than on the technical. 
It is therefore from the angle seen from the directing side that 
this paper is submitted. As certain technical aspects will be of 
interest to the Institution, they are referred to, in order that 
attention may be drawn to them. Through the courtesy of the 
firms responsible for manufacture, certain apparatus is exhibited 
which includes an air camera, the automatic pilot, and the contour- 
ing steréoscope. Certain technical experts have kindly promised 
to be available to answer questions or to demonstrate apparatus, 
and certain individuals and firms have been good enough to lend 
photographs and slides, Acknowledgment for such assistance 
will be made in the reply to the discussion. 

Those who wish to be more fully informed on the technical aspects 
of air survey would be well advised to study some excellent technical 
papers that have been read recently. ese will be referred to 
later. As aircraft can be of great service for the rapid transportation 
of personnel and equipment in connection with oil-field mainten- 
ance and development, that side is also touched on. 
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GENERAL. 
The whole subject may be divided into two main sections, viz. :— 
(1) Aircraft as a means for rapidly obtaining information of 
technological value. 


(2) Aircraft as a means of transporting personnel or material 
from one place to another. 


The first section is dealt with as follows :— 


Section 1 Survey.—Air surveying provides a means of obtaining 
information of technological value and may be subdivided into :— 

(a) Visual reconnaissance. 

(6) Photographic surveying. 

It is submitted that both of the subdivisions should be of interest 
to the petroleum technologist and more especially to the 
following :— 

The Oil Geologist, in obtaining information regarding major 
and minor land-forms, rock outcrops, faults, colour of residual 
soils, vegetation and plant ecology in relation to geology and 
geological mapping. (See Figs. 1 to 5.) 

The Oil-field Engineer, in obtaining data, which may be of great 
economic importance in the selection of pipe-line routes, field 
railways, sites for camps, roads for transport of drilling equip- 
ment and field supplies, sites for tank farms, pump stations, 
field telephones, supply of timber for construction purposes, and 
the available inland waterways. 

The Marine Engineer, in obtaining information relating to 
coastal topography, suitable sites for sea loading stations, sub- 
marine pipe-laying, bars at river mouths, dredging require- 
ments, existence of currents, and general hydrographic data. 
Air Surveys made for the Oil Industry. —Unfortunately, the 

British com panies who carry out air-survey Operations have done 
little serious work for the British oil companies ; a certain amount 
has been done by foreign operators. The great oil industry of the 
Empire has not yet appreciated that it may secure very considerable 
benefits from having air surveys made. 

For actual experience in the successful application of air 
surveying to oil-field development, it is necessary to turn to the 
United States of America. In that country, air surveying has 
become a recognised branch of the art of the oil-field engineer and 
of the oil geologist. It is unfortunate that this admission has to be 
made, for in every branch, other than that at present under 
discussion, we can quote concrete examples of the success attained 
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by the British operating companies. The results at present being 
obtained in Africa by certain mining companies, using air survey 
methods for prospecting, show very great promise indeed. 

Recently, Mr. Donald Gill read a paper before the Institution of 
Mining and Metallurgy on “ Aeria] Survey in Relation to Economic 
Geology.” That paper marks an important forward step in the 
progress of air surveying and undoubtedly forms an authoritative 
treatise on the geological aspects of the subject, and should be a 
standard reference and guide for some time to come. Mr. Gill’s 
paper includes a most useful bibliography, which has been used 
extensively in the compilation of the present paper. 

Attention is drawn to page 43 of Mr. Gill’s paper, where he refers 
to the practice of “‘ Aerial Geology ” in the United States, mainly 
in connection with oil-field development, and to section III of the 
bibliography, where Mr. Gill refers to the considerable amount of 
American literature on the matter. 

In dealing with his subject Mr. Gill says that “ Aerial Geology ” 
is a very new geological tool. Its commercial use in the United 
States appears to have been confined to prospecting for oil in 
California and Texas. Air surveying is used extensively by the 
United States Geological Survey for the preparation of topographic 
base maps. The use of air survey methods by the oil companies 
has, naturally, been confined to certain areas of sedimentary rocks 
for ascertaining the position, nature and extent of oil structures, 
and tracing sedimentary horizons. In California, the air photo- 
graphs have located previously unknown faults in areas that have 
been closely geologised on the ground. 

Mr. Gill states that the saving in time in conducting an examina- 
tion by using air survey methods is put as high as from 50 to 80 
per cent., due to: (1) the speed with which the contact prints can 
be delivered (as against the preparation of a topographical map), 
and (2) the time saved in the field by having much of the normal 
work of mapping appearing already on the photographs, which 
helps in self location and gives the advantage of the “ air view.’ 
Further claims are: (3) Secrecy, since much information can be 
obtained without having to set foot on the ground. (4) The 
improvement in the quality of the field work when working with 
photographs. (5) The excellence of mosaics for illustrating office 
conferences. The lecturer would add a further claim, that is the 
value of stereoscopic examination of the air photographs both in 
the office and on the prospect. 

A most interesting series of illustrated articles, dealing with 
“ Air Survey in Relation to the Oil Industry in Texas,” appears 
under the name of Jack Logan in The Oil Weekly from January 


to February of 1932 inclusive. In dealing with the use of air 
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maps to geologists one article says that: “ Using the aerial survey 
as @ reconnaissance or source map, the geologist finds upon it a 
wide variety of significant data. Anticlines, domes, faults, forma. 
tion contacts, isolated exposures, and other geological conditions 
of importance are manifested through stream patterns, dipping 
beds, colour changes in soils or differences in vegetation due to 
variations in soils.” 

In another article the same writer, in dealing with ‘“‘ The Location 
of Pipe Line Routes by Aerial Photography,” says: “So effective 
is the photographic map, indeed, that in many instances its cost 
is immediately returned or more than offset by savings on materials 
and construction work made possible by the shorter and better 
located route, to say nothing of the ultimate economies in operation 
and maintenance costs.” The reasons given for this are :— 

1. Transport and stringing costs can be estimated better, because 

highways and railroads are prominently shown. 

2. Stream crossing expenses can be estimated more accurately. 

3. Obstacles, such as high hills, or precipitous stream beds in 

rough country, and farm houses or towns in flat country, 
can be studied advantageously in advance. 


The saving claimed for the company or the contractor using air 
survey methods is said to be conservatively estimated at twice the 
cost of the air survey in every 100 miles of line. This saving is 
gained through the avoidance of difficult topographical features on 
the pipe-line route. 

According to The Texas Star, the house organ of the Texas Pipe 
Line Company, at least half a million dollars alone in material and 
construction work was saved by having an air survey made of the 
route for a crude oil pipe line from Pecos County, West Texas, to 
the Gulf Coast. 

An interesting example of the use of the air photograph for 
obtaining data for determining the general route of a proposed 
adhesion railway to follow up a forest clad Serra in South America 
may be of interest. The precipitous and broken country, covered 
with matted jungle, made it quite impracticable for the survey 
to be made on the ground. In fact, it was extremely difficult to 
obtain the necessary control and spot heights for the making 
of the plan and the drawing in of the contours from the air 
photographs. 

In referring to the work after completion of the air survey, the 
General Manager of the Railway wrote to the British operating 
company responsible for the work and said that, the survey had 
provided all the information required to allow of a decision that 
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the alignment and construction of an adhesion line with a maximum 
2 per cent. grade was possible in a distance of 41 kilometres. He 
also stated that owing to the difficulty of the ground, it would 
have required the employment of several field parties to obtain 
the same information, that it would have taken a much longer 
time to complete the survey, and would have cost at least eight 
times as much as the air survey. 

This example is given because, although the work was not 
carried out in connection with oilfield development, it is believed 
that some of the problems involved are similar to those met with 
in oil engineering. 

There is a special application of air surveying which is of interest 
to the oil-fields engineer, when working in territory where accurate 
maps of the district are not available. An air survey of the district 
will enable any existing maps to be both rapidly and accurately 
revised. A study of the revised map and of the relative air photo- 
graphs should enable boundaries to be delineated, and show the . 
relationship of selected plots of territory to others, in view of 
possible offsetting by competitive interests. In areas of which 
no maps exist, the use of air photography enables a map to be 
made far more rapidly than would be possible by using ground 
survey methods only. As already indicated, in addition to provid- 
ing much data for mapping purposes, the air photographs at the 
same time record data relating to the economic resources of the 
area surveyed. For i in a recent air survey made in the 
United States for road development, it was found by chance that 
the air photographs contained geological data of great importance 
to the oi] industry. 

It must be emphasised that air photo-surveying is not competitive 
with ground surveying. The aircraft merely provides the surveyor 
with a platform which enables him to view country 
inaccessible to him, except at great expenditure of time and money, 
while the air camera faithfully records all and even more than he 
can see. 

All air surveys depend for their accuracy on a ground control, 
if the data from the photographs is to be turned into map form, 
or if a rectified mosaic is to be made. It is also necessary to interpret 
a considerable number of photographs on the ground. It may be 
said that in all cases the air photograph considerably speeds up 
ground survey work; in many cases it reduces the cost of the 
work, and if value is to be given to ail the other inform&tion obtain- 
able from the air photograph in connection with geology, ecology, 
forestry and of the general resources and condition of the country, 
then there is no doubt whatever that an air survey is in general far 
more economical than a purely ground survey. 
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In the realm of geology, aircraft and the air camera can be of 
great assistance to the geologist and the engineer. Close 
prospecting, however, must always be done on the ground; but 
by means of air reconnaissance and by studying the air photographs 
the geologist can obtain valuable indications as to where to prospect 
and how to get there by the easiest route. 

All those concerned with any new enterprise have to go through 
a period of discouragement by vested interests, and those concerned 
with the development of air surveying are not yet out of the wood 
in this respect. Sufficient work has been carried out, however, to 
enthuse a number of geologists, surveyors and others, and no doubt 
the day is not far distant when every geologist and surveyor will 
have to have a general knowledge of air surveying if he is to be 
considered as fully qualified in his profession. 


The Development of Air Surveying.—During the war, air photo- 
graphy proved to be of the greatest value in confirming and recording 
artillery shoots directed by air and ground observation. It was 
also extensively used for rapid map revision, particularly in relation 
to trench maps, and for spotting hostile battery positions, as well 
as for giving indications of movements of troops and of munitions. 
A French authority, André Carlier, President of the French Aerial 
Association, has stated that, during the last years of the war, 
80 per cent. of the information about the enemy was due to air 
photography. 

After the war no time was lost in &dapting aircraft and the air 
camera to peaceful pursuits, and in this respect the Canadian 
Government showed great initiative. Apart from encouraging 
private enterprise, the Canadian Government used their Air Force 
for photographing undeveloped and unmapped areas and also 
surveyed and valued large areas, of forest by this new method. 
To-day, some 640,000 square miles of the Dominion have been 
mapped by air survey methods, and aircraft are also used for 
transportation work in connection with the development of new 
areas as well as for forest fire patrol work. 

The Report on Civil Aviation for the year 1931, issued by the 
Dominion of Canada Department of National Defence, states in 
its introduction that: “ Air transport in the far North shows great 
activity. The discovery of important mineral deposits in the 
Northwest territories is directly attributable to flying. Without 
aircraft, theSe discoveries and their development would have 
hardly been possible—the application of aerial photography to 
mapping and the use of air transport by the Survey Services has 
been on a wider scale than ever before.”” These Canadian reports 
are well worth studying. 
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In a letter to Mr. Gill, the Director of the Geological Survey of 
Canada, in referring to air surveying in the Dominion, states that :— 
“The contacts between different formations can, in places, 

be recognised and transferred with complete precision from the 
photograph to the map. The photograph frequently shows faults 
and other geological structures much more clearly than these 
structures could be recognised on the ground. This appears to 
be due to the fact that an observer has anywhere from two 
square miles to ten square miles of country under his observation 
at one time in a photograph, whereas on the ground his observa- 
tion is usually limited to a radius of a few hundred feet or yards. 

We have a considerable number of cases in which geological 

structures are visible in photographs that could only be worked 

out by ground methods in a period of days, weeks or even 
months, and even then not so satisfactorily.” 

A further letter from the same source states that the air photo- 
graphs yield four kinds of information in the pre-Cambrian areas 
as follows :— 

1. Boundaries of formations, after a few preliminary traverses 

on the ground. 
. 2. Faults, usually indicated by a change of relief when viewed 
stereoscopically. 

3. Long and sometimes complexly curved strike-lines in the 
crystalline sediments. These prove very useful in working 
out the structure ; and 

4. Boundaries of the drift-covered areas, which are very precisely 
defined. 

It will be seen, therefore, that good progress is being made in 
Canada in the application of air photography to geology and 
mapping. 

The first air surveying expedition to leave the British Isles was 
sent out under the leadership of Major C. K. Cochran-Patrick, 
D.S.0., M.C., in March, 1921, by a company of which the lecturer 
was a founder, to make an air survey of part of the Orinoco delta 
for an oil company. Deltas are notorious for their unsatisfactory 
weather conditions at certain times of the year, and unfortunately 
the wrong time was chosen for the expedition to start its opera- 
tions, so that the survey was not a success. Those concerned 
with the work however realised, from the experience gained, that 
air surveying would one day play an important part in economic 
development of territory. In spite of past and present difficulties 
all the key men of that early expedition are still actively associated 
with the carrying out of air surveys. 
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Most of the work in the Empire, with the exception of that in 
Canada, has been carried out by two British companies—the Air. 
craft Operating Co., Ltd., and the Air Survey Co., Ltd. These 
companies between them have to date made air surveys, both 
photographic and reconnaisance, of areas covering in total approxi- 
mately 200,000 square miles. The whole of this work has been 
financed by private enterprise unaided by any form of Government 
subsidy, and covers areas in Africa, India, Burma, Iraq and South 
America. It is submitted that this is a very remarkable achieve- 
ment for unsubsidised private enterprise. 


Methods Employed.—It is not proposed to describe the methods 
used in detail, as that has been dealt with by Major C. K. Cochran- 
Patrick in his paper on “ Present Practice in Aerial Survey,” 
which he read before the Society of Engineers in October, 1931. 
An interesting paper also dealing with air survey methods was 
read before the Royal Aeronautical Society on December 8th, 
1932, by Lieut. J. S. A. Salt, R.E. The various methods used are 
also fully reterred to in Mr. Gill’s paper. 


Visual Reconnaissance.—Visual reconnaissance from the air is 
often a preliminary to a survey by photographic methods. By 
qualified experts making a reconnaissance flight over an area, 
it is often possible to eliminate large parts of the area from close 
survey. In Canada, areas of unpromising country have been 
eliminated from close prospecting by this means. In Canada, 
India and Burma forest stocking maps have been prepared by 
means of visual reconnaissance and sketching. The value of visual 
reconnaissance for geological work is dealt with on page 30 of 
Mr. Gill’s paper. 


PHOTOGRAPHIC SURVEYING. 


There are two methods in use: (1) the vertical method; (2) 
the oblique method. They are described as follows :— 


1. The Vertical Method is the one which is most likely to interest 
the petroleum technologist, for the photographs are taken as near 
to the vertical as is possible and so provide a pictorial map of the 
ground. In using this method, the area is flown over in such a 
manner as will ensure that it is covered by parallel strips of vertical 
photographs, the individual photographs of which overlap each 
other in a fore and aft direction by some 50 to 60 per cent., and in 
a lateral direction by some 20 per cent. The height at which 
the photographs are taken may be from 10,000 to 15,000 ft. more or 
less, according to the scale required and the lens used. The flying 
speed may be taken at 100 m.p.h. It will be appreciated that very 3 
accurate flying is necessary for air survey purposes, for the aircraft 
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GEOGRAPHICAL CHARACTERISTICS OF SPIRTHILL, WILTSHIRE, 


The geological boundary marked has been transferred from the geological map of England and 
makes an interesting comparison with the boundary as shown by surface features on the air 
photograph. 

—Courtesy of The Aircraft Operating Co., Ltd. 
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VERTICAL PHOTOGRAPH IN NORTH-WEST TERRITORIES, SHOWING FAULT. 


Courtesy of Major B. Day. 
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Fic. 3. 
OBLIQUE PHOTOGRAPH IN NORTH-WEST TERRITORIES SHOWING FAULT. 
Courtesy of Major B. Day. 


Fig. 4. 


QUARTZ OUTCROP IN NORTH-WEST TERRITORIES, 
—Courtesy ef Major B, Day, 


PHOTOGRAPHIC 
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MOSAIC OF ECHO BAY DISTRICT, GREAT BEAR LAKE, 
NORTH-WEST TERRITORIES, CANADA, 


—Courtesy of Major B. Day. 
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OF INTERPRETED 


Houndary of Forest Type 


Boundary of Soil Flora ........... 


Bell Heather (Erica 


AND INDEXED PHOTOGRAPH, 


N.B. In the forest the principal tree species 
are shown over the line and the general 
soil flora type below, 


In a mixture the order in which the species are 
shown does not indicate so much their 
numerical frequency as their apparent domin- 
ance, 


Courtesy of The Aircraft Operating o., Ltd. 
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Fr 
EXAMPLE J 
Tree Species ; O = Oak = Beech 
= Spanish Chestnut ; EF. 
ad L. = Larch ; P =Scots Pine. oad 
tA 
Soil Flora: B= Bracken; L=Ling (Calluna 
vulgaris) ; H=Heath (Erica > 
Cinerea); 
tetrahelix) ; M= Mollinia and asso- 
ciated grasses; Rubus <pp.  — 
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AIR PHOTOGRAPH OF PART OF WANDERER MINE, DESCRIBED BY 
MR. ROBERT ANNAN ON PAGE 99. 


Courtesy of Wanderer Consolidated Gold Mines, Ltd. 


8 


BSMmESES REESE 


— 


SSBBESEE 


mu 
in 
tilt, 
‘ 
to | 
= 
| 
d 3 . 


HEMMING: USE OF AIRCRAFT. 8l 


must be maintained at a constant height and flying speed, and kept 
in perfect trim, so as to reduce distortion on the photograph, due to 
tilt, to the absolute minimum. 

Gyroscopic control has been recently introduced and is reported 
to have given some remarkable results. It has not yet however 
been tried out on any large air survey contracts so far as the 
lecturer knows, and development in this direction is awaited with 
much interest. 

The overlap between the consecutive photographs enables that 
part of the area common to the two photographs to be examined 
in the stereoscope ; by this means the ground may be seen standing 
out in perspective, and thus affords the geologist with a most 
efficient means of viewing detail, as seen from the air, in vertical 
as well as in horizontal relation to other detail. The lateral overlap 
between strips is made so as to ensure that no gaps are left in the 
area photographed. By using a special contouring stereoscope it 
where sufficient spot heights are available. 

The photographs can be pieced together so as to form a mosaic 
or picture map, or the topographical data can be transferred from 
the photographs and put into map form. In cases where no 
parties, who will use the air photographs in order to find their 
way about the area and to select suitable control points. The 
distance apart of these controls and the method employed to estab- 
lish them depends on the scale and accuracy required for the maps 
or mosaics, as well as on the nature of the country. 

For maps on scales up to 1/50,000 (1-26 in. =1 mile) the vertical 
system of mapping is used. This method is also essential when the 


and 1000 ft. to the inch, that is (1/24,000 and 1/12,000 respectively). 
For town planning purposes mosaics have been made on as large a 
scale as 1/1000 (63-36 in.=—1 mile). In Africa the best scales for 
geological interpretation have been found by experience to be: 
(a) 1/10,000 (6-33 in.=1 mile) for large areas and (b) 1/5000 (12-67 in. 
=1 mile) for the close examination of small areas. 

2. The Oblique Method has only been used successfully for 
mapping Jarge areas of comparatively flat country in Canada and 
in Northern Rhodesia. Where small scales are required of the 
order of 1/250,000 (3-94 miles=1 in.) this method is particularly 
useful, as it is both rapid and economical. By it, 65,000 square 
miles of bush country were mapped in Northern Rhodesia, 
being delivered within another fifteen months. (See Fig. 6.) 
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In the Rhodesian survey, in order to provide the control, parallel 
strips of verticals were run across the area in an East-westerly 
direction, the distance between each strip being thirty miles. 
Parties of ground surveyors then marched along the lines covered 
by the strips, using the actual photographs in order to find their 
way. At thirty mile intervals, suitable control points were estab. 
lished by selecting detail of a permanent nature, which showed up 
on the photographs, and then establishing its correct position by 
means of astronomical observations and wireless time signals. 

While this work was proceeding the flying party flew across the 
area in parallel lines running North and South, approximately 
10 miles apart, taking oblique photographs at an angle of 90° 
to the line of flight, alternately to port and starboard, at such 
intervals as would ensure that the consecutive photographs over- 
lapped each other. These photographs were taken at an angle 
of depression sufficient to include the horizon on the top of the 
photograph. Perspective grids were then constructed in the 
drawing office, and by applying these grids to the photographs the 
mapable detail was drawn in in plan form. This operation is 
explained in Major Cochran-Patrick’s paper already referred to, 
and is dealt with in detail by Mr. W. Norman Roberts, in the 
Journal of the Royal Aeronautical Society of June, 1932, under 
the title of “ Aerial Surveying in Northern Rhodesia.” 

To the uninitiated, the oblique photograph is easy to read, as 
it gives a view similar to that obtained from a high hill. These 
photographs will undoubtedly supply the geologist with a general 
idea of the nature of the country, but for the close examination of 
areas prior to prospecting the vertical photograph is necessary. 

Economic Surveys.—Where an economic survey is to be made, 
geologists, ecologists, forestry and other experts as required would 
go into the field with the ground control parties. They would 
interpret the detail as seen on the photographs by checking on 
the ground. For this purpose areas would be selected on account 
of their easy accessibility. With the knowledge gained, the photo- 
graph may be indexed and then used for the interpretation of detail 
of the remote or inaccessible areas, which have detail similar to 
those areas already investigated on the ground. (See Fig. 7.) 

In assessing the value of air surveying, therefore, it is important 
to remember that a great deal of this information relating to the 
economic resources of the country may be obtained, although the 
main object of the survey may be for mapping purposes only. 

Mr. R. Bourne has done a great deal of valuable pioneer work 
in the application of air survey to economic development, and 
another authority is Capt. C. R. Robbins. Mr. Gill refers to their 


various papers in his bibliography. 
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Co-ordination of Interests.—The diversity of interests that can 
be served by an air survey calls for some method of co-ordination, 
so that all may obtain the benefits of the survey at a minimum of 
cost. Mr. Salt, in his recent paper, advocates the formation of 
an Imperial organisation to deal with the work under the control 
of the Government. Previous to Mr. Salt’s paper, the lecturer 
had submitted proposals to the various Government Departments 
for the creation of an Imperial organisation which would be inde- 
pendent of Government control. As those proposals are still under 
consideration, they will not be referred to further at this juncture. 
Both proposals were debated and are reported in the discussion of 
Mr. Salt’s paper. 

In the lecturer’s opinion the maximum benefits can only be 
secured from air surveying if really large areas are surveyed—this 
implies co-ordination of interests. The photography can be com- 
pleted so rapidly that only a comparatively few special air survey 
aircraft would be required. These could be located at suitable bases 
and sent from one contract to another, so as to take advantage of 
the most suitable weather conditions. Weather plays a most 
important part in air surveying, for clear skies are essential to the 
making of clear photographs. As several months’ work on the 
ground may be provided in a few hours’ flying, it is essential that 
the right time of the year is chosen for the work. By having a 
sound scheme of co-ordinated interests the survey aircraft could 
be switched from one area to another as dictated by weather 
conditions, instead of piling up cost in idleness on the ground. 
For example, in Rhodesia the area of 65,000 square miles was 
photographed in 50 flying hours, then the aeroplane was available 
for other work, yet the rest of the work on the ground took 15 
months to complete. 

There are always, of course, cases where a company desiring a 
small survey may be able to use some local organisation, and much 
useful work has been accomplished in this way already. But to 
secure the economic mapping of the Empire, a matter of great 
importance, as nearly four-fifths of the Empire is inadequately 
mapped, some co-ordinated plan on Imperial lines seems to be 
desirable. 

The curtailment of survey programmes as a measure of economy 
is in actuality a means of causing grievous waste at some future 
date. The late Sir Gordon Guggisberg, when speaking at a paper 
read by the present lecturer some five years ago, gave a striking 
example of waste due to lack of survey. He stated that “ one and 
a-half million pounds had been spent” in straightening out the 
railway between the coast and Coomassie Gold Coast ; continuing 
he said: “ If you can get a photographic map first, you are going 
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to save yourself literally hundreds of thousands of pounds in road 
and railway construction ; but if you are going to conduct that 
survey by working through forests, you are going to take a very 
long time.” 


Equipment UsED By THE British CoMPANIES. 


Aircraft.—To-day aircraft for survey may be considered in 
classes 

1. Light aircraft for the survey and reconnaissance of small 
areas, at moderate altitudes, or of areas where long duration of 
flight, and of maximum security from forced landings is not un 
essential. The DH. Moth type have proved to he well suited for 
such work. 

2. High performance single engine type to be used where good 
range and high ceiling is required. An example of this type is the 
Fairey 111 F which, fitted with floats, was used recently by the Air 
Survey Co., Ltd., for the survey of swamp areas in the Sudan and 
Uganda. 

3. The multi-engine type for surveying large areas of unexplored 
and difficult country where maximum range, ceiling and reliability 
is a first consideration. As air surveying finds its greatest scope 
in dealing with large areas of little known territory, it is proposed 
only to describe this last type. 

Costly experience showed that the ideal aircraft should fulfil 
certain requirements, of which the following are of particular 
importance: (1) Maximum reliability; (2) long range; (3) high 
performance ; (4) uninterrupted view for the pilot forwards and 
downwards to the vertical and also to each side; (5) comfortable 
cabin in which the observer or photographer could work; (6) 
alternate positions for oblique and vertical cameras, situated where 
parts of the aircraft would not mask the view; (7) easy control 
for accurate flying ; (8) suitable construction to enable the aircraft 
to weather extremes of climate. 

It was only by having an aircraft with these characteristics 
that the area of 65,000 square miles in N. Rhodesia could be 
surveyed with safety and efficiency. Mr. Alan S. Butler, the 
Chairman of the Aircraft Operating Co., realised this, and had the 
machine built by the Gloster Aircraft Co., Ltd., at his own expense. 

The machine is of biplane construction with the pilot located 
right in the nose. It is equipped with two Bristol Jupiter X 1 type 
engines giving a maximum of 500h.p. each. On its official trials 
the machine did a full-out speed, while flying level at 19,000 ft., of 
121 m.p.h., its cruising speed being 108 m.p.h. with full survey 

load. The maximum range at cruising speed with full load was 
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found to be 800 miles. Height could be maintained on one engine 
up to 9000 ft. 

"special attention was given to refuelling and to the fitting out of 
the machine for survey purposes. The then Secretary of State for 
Air, the late Lord Thomson, accompanied by the then Under- 
Secretary, Mr. F. Montague, went on the first official trial flight, 
after which it was flown out to Africa by Mr. Butler, and immediately 
used for the survey referred to. 

The Air Camera.—The camera used by the British operating 
companies in their recent work is known as the Eagle type 1, and 
is made by the Williamson Manufacturing Co., Ltd. It is con- 
structed throughout of metal and can be fitted with lenses of focal 
lengths varying from 6in. to 20in., according to requirements 
of scale. 

When fitted with a 7in. lens the weight of the camera and 
accessories works out approximately as follows :— 


Camera, complete with motor and control -- 55 Ib. 
Battery 
Camera mounting . ee 

102} , 


Roll films are used, each roll containing one hundred exposures. 
The available area on each negative for the photograph measures 
7 in. by 7 in., and there is a margin to one side for the photographic 
record of an instrument panel, which is incorporated in the camera. 
The data secured for each exposure by photographing this panel 
consists of : (1) The aneriod height at time of exposure; (2) the 
time at which the exposure was made; (3) the bubble position 
on the fore and aft spirit levels; (4) the serial number of the 
negative ; and (5) information written on a small plaque relating 
to the type of lens used, the nature of the job and any other 
relevant information which may be written thereon. 

Some idea of the area covered with different lenses from 
14,000 ft., on a 7 in. by 7 in. negative, will be gathered from the 


following table :— 


Focal length of lens. Area covered. 
8} in. ae -- 12,000 _,, 


Films are carried in metal magazines and may be changed rapidly 
between exposures, while the survey is in progress. The number 
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that can be carried is only limited by requirements or by the adh 
capacity of the machine, having regard to other load. ae 

The camera is automatic in action and is normally driven by for 
a small electric motor. A wind motor may be used, or the J 
mechanism may be operated by hand. A 


The operation of the camera is controlled by a remote control 
situated in the pilot’s cockpit, or in any other convenient spot 
in the aircraft. It consists of (1) a switch to control the driving 
motor, (2) a press button to enable exposures to be made inde- 
pendently of those timed for overlap, (3) a dial showing the number 
of exposures made, and (4) an intervalometer, by which the camera 
may be set to take photographs automatically at any desired 
interval of time between 5 seconds and 60 seconds. In addition, a 
red light is located in the pilot’s cockpit, which is automatically y 
switched on a few seconds before each exposure is made, so as to 
warn him to steady on his course. 


The camera is mounted on a special mounting, which is provided the 
with a suitable shock-absorbing device, in order to damp out gre 
vibration. It can be rotated so as to allow for drift, and pivoted dir 
so that the camera may be kept in a vertical position. The mount- Wi 
ing used on the Rhodesian survey was the Eyrie type ; this has the he 
advantage of being adjustable for oblique photography. It is ya 
18} lb. heavier than the Eagle mounting, but this extra weight is th 
well made up for by its increased usefulness. ny 

Until recently a roller blind shutter was used, but now the He 
camera makers have produced a Louvre shutter, which works on pi 
the venetian blind system, i.e., with moving slats. This new shutter van 
is located just behind the lens, and by its use shutter distortion = 
has been eliminated, while even illumination of the negative is o 
secured. The shutter has high efficiency and, being made entirely - 
of metal, it is unaffected by climate. fir 

In order to secure good colour values Panchromatic films are - 
used. The development of “ infra-red” photography is being be 
watched with considerable interest, as its successful application ba 
to vertical photography, if that be possible, should greatly extend fo 
the use and value of air photography for geological work, because 
the range of colour values obtainable will be increased. ‘‘ Infra- to 
red ” photography, if successful, should also enable flying costs to ° 
be reduced considerably, by making it possible for photography - 
to be carried out under atmospheric conditions which are not ye 
possible when using panchromatic film and the special filters used th 
at present. hi 

These special filters (type K 2 and K 3) are used in order that Pp 
haze due to the moisture content in the atmosphere may be ® 
penetrated. It is not possible to cut out haze due to smoke or dust, A 
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so that it is important to ensure that the best time of the year 
is chosen for air photo operations. Clear skies and air are essential 
for good results. 

A lighter type of air camera, the Eagle type 3, is also marketed 
by the same makers for use in light aircraft for work over small 
areas of accessible territory. Its weights work out as follows :— 


Camera, complete with motor and control -s OR 
Camera mounting .. ae 
One charged magazine 7 » 

64 ,, 


The size of the negative for this smaller camera is 5 in. by 5 in. 


Operations in the Air.—A brief description will now be given of 
the operations in the air on an air survey flight. When at photo- 
graphic height, say 14,000 ft., the pilot finds the speed and 
direction of the wind by means of his wind gauge bearing plate. 
With this data the photographer works out the intervals that 
he must allow between exposures, so as to secure a 60 per cent. 
overlap, and sets the required interval on the intervalometer on 
the remote control. The pilot meanwhile flies towards the 
starting point for the first strip, on the bearing he is to steer on. 
He settles down to a steady course and speed. Looking ahead, he 
picks up leading marks, for by steering on leading marks he can 
instantly correct for local changes of wind. A compass will not 
enable him to do this, though, of course, the pilot is checking his 
course by compass all the time. When vertically over the starting 
point the observer switches on the camera; immediately the 
first exposure is made, and then the camera motor winds the film 
ready for the next exposure and resets the shutter. A few seconds 
before the time due for the next exposure the red light goes on and 
warns the pilot to steady on his course, then the next exposure 
follows, and so the process is repeated throughout the flight. 

Flying for air survey requires particular skill, for in addition 
to the need for accurate navigation, the machine must be kept at 
a constant air speed and height, and tilts must be kept to as small 
an angle as possible. With reasonably good flying tilts should not 
exceed two degrees. It should also be remembered that probably 
the pilot is flying over completely unmapped country, therefore he 
has to memorise features to the side of his next overlap, so as to 
provide a check on his return strip, for gaps in photography mean 
a reflight of that part of the strip and would be very costly. 
Although the automatic gyro control may prove to be of great 


y the 
nm by 
r the 
mtrol \ 
spot 
iving 
inde. 
mber 
mera 
sired 
on, a 
cally 
to 
ided 
out 
oted 
unt- 
the 
t is 
it is 
the 
} on 
tter 
tion 
> is 
rely 
are 
ion 
use 
ra- 
to 
hy 
10t 
ed 
at 
be 
st, 


value for air survey flying, the pilot will still have to be a highly 
skilled individual. In certain classes of work the crew of an air 
survey aircraft may be in the air for as much as six hours or more. 


Operations on Ground after Flight—The films are developed in 
tanks as soon after the completion of the flight as possible. 
They are then dried on a drum and after that contact prints are 
run off in the contact printer. The prints ere then strung together 
in their correct position and checked for overlap, so a8 to ensure 
that there are no gaps. After that the films are rectified and 
printed in the auto focussing enlarger to the scale required. The 
prints are then turned over to the drawing office for mapping 
purposes, and also issued to the geologist and others interested 
in their interpretation. Mr. Salt’s paper and that of Major Cochran. 
Patrick describe the operations in the drawing office. 

Cost and Time.—It is impossible to lay down standard costs, 
and it is even misleading to quote costs. Costs depend on the 
scale required of the prints, mosaics or maps ; the size and nature 
of the area, its position, accuracy required and several other factors. 

The following extract taken from Burma Forest Bulletin No. 11, 
deals with the air survey of the Irrawaddy made by the Air Survey 
Co., Ltd., under the direction of Mr. Ronald Kemp, in conjunction 
with the Burma Forestry Department. It is an official document. 
and provides an interesting comparison of the cost and time of 
ground and air methods respectively in connection with the 
particular problem involved. 


“ Part IV.—Summany oF ReEsvtrs. 


Although the results of the aerial survey from each point of 
view have been given in the special reports, it may not be out of 
place to summarise them here from the Foresty Department point 
of view. 

1. Cost—The cost, including ground work and mapping, has 
worked out at about Rs.293.7 per square mile. A ground survey 
on the same scale would have cost in the neighbourhood of Rs.500 
per square mile, without giving any indication of the types of 
forest growth. 

2. Rapidity.—The actual survey was completed in five months, 
and the whole period taken from the commencement of the fixing 
of the ground control to the completion of maps and stock-maps 
should not greatly exceed one year. Ground survey would have 
taken three to four years. 

3. Accuracy.—This is far in excess of anything that could have 
been obtained by ground survey in this type of country, except 
as a further increase in cost and time. 
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4. Details Available —The areas and distribution of the different 
types of forests are not only obtainable at no increase of cost, 
but with an accuracy that it would have taken years and a con- 
siderable expenditure to have equalled.” 

The survey of 65,000 square miles in Northern Rhodesia worked 
out at a cost of £1 per square mile. The Company had to do all 
the work, including the making of the maps to a scale of 1/250,000 
and the laying down of the astronomica] control. The whole 
operation was completed in eighteen months, A comparison cannot 
be given for ground survey cost in such country. There is no 
doubt that a ground survey could only have been carried out 
at an expenditure of time and money which would be prohibitive. 

Among other factors, cost is controlled by the scale required, 
the size and nature of the area, and the type of information desired. 
Mr. Gill has estimated that a controlled mosaic could be made on 
a scale of 1/50,000 of 50 square miles at £30 per square mile. On 
such a small area the work could only be carried out at that figure 
if an air survey unit was in the neighbourhood. 

The lecturer has estimated that 400,000 square miles of territory 
in South America could be mapped from vertical photographs to 
a scale of 1/50,000, with 25 metre contours included, for a cost 
which works out at £3.77 per square mile. The survey could be 
completed in five years. This shows that by going for really large 
areas costs can be considerably reduced. 

In the lecturer’s opinion it would be possible to make an economic 
survey by air methods combined with ground control and inter- 
pretation, of 200,000 square miles of bush country, similar to that 
in Northern Rhodesia, for a figure under £2 per square mile. The 
survey to include (1) the making of a reconnaissance map of the 
whole area on a scale of 1/250,000, (2) a drawn map on a scale of 
1/50,000 of selected areas totalling 20,000 square miles, and (3) 
mosaics of these selected areas on a scale of 1/25,000. The whole 
work to be completed in three years, 

The only comparative costs relating to air surveying for oilfield 
development that the lecturer has been able to find are contained 
in an article on “Aerial Photographic Oil Surveying,” by 
Charles E. Kern, in the Oil and Gas Journal of July 16th, 1925. 
This writer says that it is understood that from $65 to $100 per 
square mile has been charged by private air survey companies for 
making surveys in heavily jungled terrain similar to that in 
Venezuela, whereas petroleum companies are paying about $260 
per square mile for ground survey work in such country. No 
mention is made of the scales used. 

One of the greatest advantages of air surveying, that of speed, 
has curiously enough proved to be one of its greatest handicaps. 
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The survey may be completed so rapidly by air methods that pay. 
ment might have to be made within, say, two years, instead of, say, 
six years, if done purely by ground methods. As the former may 
cost, say, a third of the latter, the fact that a larger amount of money 
is required within the two years period has prevented contracts 
being secured. This is an example of false economy, which 
unfortunately is very prevalent to-day, and is holding up develop. 
ment of benefit to the Empire and to trade. 

Information Required for Estimating—In order to prepare 
estimates for the making of an air survey, certain information is 
required, of which the following is the most important :— 

(1) Size and position of area or areas to be surveyed. 


(2) General description of the topography, supported by any 
available maps, sketches, or reports. 

(3) If possible, the purpose for which the survey is to be made. 

(4) Are obliques, verticals, or both required ? 

(5) Are they to be rectified ? 

(6) Are mosaics required ? State whether to be rectified or not. 


(7) Are maps required ? 

(8) Give scales for (4), (6) and (7). 

(9) Does any type of control exist? If so give particulars. 
(10) Is the ground control to be provided by the employers or the 

contractors ? 

(11) ‘What sort of accuracy is required ? 

(12) Are contours required, and at what intervals ? 

(13) What facilities exist for the operation of aircraft and the 

- housing of the expedition ? Are these to be provided by the 
employers or the contractors ? 

(14) General particulars of the meteorological conditions in the 

_ afea are essential, particularly in relation to conditions of 
cloud and mist. 

It will be appreciated that so wide a subject as that implied by 
the title of this paper provides scope for many papers. As, however, 
it was on this subject that the lecturer has been invited to speak, 
he has tried to touch on the main points which are likley to be of 
interest. to petroleum technologists, in the hope that others will 
supply the detail. The other section of the paper—Air Transport— 
im so: far as it may concern the oil industry, will now be dealt 
with as shortly as possible. ; ; 
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Section II.—TRansport. 


The use of aircraft for transporting personnel and material may 
be considered under three subsections :— 


(a) Regular air services for the carriage of passengers, mails and 
freight operating to a time table. 

(+) Other air services. 

(c) Light aircraft. 


Subsection (a), which mainly consists of subsidised trunk 
services, need not be dealt with here, as, apart from generally 
benefiting the community as a whole, they have no particular 
relation to oilfield development. The main trunk air routes of the 
Empire are being developed by Imperial Airways, Ltd., while both 
Australia and Canada have done a great deal in developing and 
subsidising regular air services within their Dominions. It may 
well pay oil companies to establish regular air services in their 
oilfields, in order to link up with trunk services and with head- 
quarters. 

Subsection (b) 5 Other Air Services.—It is submitted that by 
using aircraft in oilfield development, the oil industry should be 
able to effect many economies, both in administration and in 
actual work in the field. Although at present flying is still in the 
infant stages of its development, it may become of very great 
importance to the oil technologist. 

Transport by aircraft of men and materials is of interest when 
saving of time is a main object, and it is understood that in many 
oilfield conditions or contingencies this is often the case. 

It is suggested that there are also cases in which air transport 
provides the only means of conveyance, owing to natural or even 
political obstacles which prevent the utilisation of the customary 


methods. 

Drilling and casing in 20 ft. lengths could be carried 
by aircraft to the site of a test well in territory surrounded by 
dense forest, difficult or swampy country, provided facilities can 
be made available for landing and taking off of the aircraft. 

It is understood that it frequently happens that some important 
and even vital piece of equipment breaks down, or is required 
urgently, to an extent that the life of a well may be threatened by 
its absence ; it could be rushed to the spot by ‘plane if the proper 
air service for such purposes was organised and available. 

Tt is suggested that fires in the oilfields could frequently be 
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The rapid transport of material and equipment in cases of 
urgency has its parallel in the conveyance of executive officers, 
technical experts or specialists to places far distant from their 
base locations when need arises. Thus air transport is capable 
of enormously increasing the range of such peoples’ usefulness in 
the case of an oil company operating over a large area. 

In the medical services of the oil companies air transport is capable 
of playing a useful part, conveying medical officers or surgical 
equipment rapidly to districts where their presence is urgently 
required or rushing the patients themselves to hospitals for special 
treatment. 

Subsection (c): Light Aircraft—There are popular types of 
light aircraft available to-day which should be of the greatest 
value to the geologist, engineer or executive who is concerned with 
oilfield work. Being cheap to run and easy to handle, such air- 
craft could be used for travelling from one point to another for 
inspection purposes, for geological reconnaissance and even to a 
limited extent for photography. 

The oil man who knows how to fly, or is prepared to learn, will 
find that he can carry a considerable load in a two-seater machine, 
while the maintenance of modern light aircraft is no more difficult 
than that of a private car. Greater attention to detail is of course 
essential, but it is very simple. 


Operations.—It is understood that British oil companies are 
using aircraft to a limited extent, and that arrangements were made 
recently to use aircraft for transportation of personnel and supplies 
in connection with pipe-line construction. 

Aircraft are used a great deal in the States in connection with 
oilfield development. An interesting example of their use comes 
from Mexico. According to The Oil Trade, of June, 1926, the 
transport of pay rolls by aircraft over territories infested by bandits 
was adopted by the oil companies operating in the country, and in 
four and a-half years over 300 pay roll flights were made and 
about $25,000,000 carried over an aggregate of 320,000 miles. 

A most interesting paper on “Air Transportation of Gold 
Dredges in New Guinea ” was read by Mr. Charles A. Banks before 
the Institution of Mining and Metallurgy on July 29th, 1932. As 
the transportation of the heavy equipment described may have 
its parallel in oilfield development, the following facts extracted 
from Mr. Banks’s paper are given :— 

The problem involved the handling of a large volume of 
able gold-bearing gravel in New Guinea, situated at Bulolo, 
approximately 7 degrees South of the Equator at an elevation 
of about 2250 ft. No road existed to the coast, which was separated 
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from the location by dense tropical jungle and a mountain range, the 
lowest pass of which was roughly 4000 ft. high. It was considered 
that the building of a road was not a feasible proposition, due to 
the heavy initial cost and maintenance in a tropical country with 
a heavy rainfall. 

Two Standard tri-motored G-31 Junker planes, each of 1575 h.p., 
were specially adapted to carry up to 7000 Ib. of freight per machine 
—this weight being that of the upper tumbler shaft, the heaviest 
single unit of the equipment required to be transported. These 
two machines carried between them 2500 short tons of equipment, 
in 1000 trips from Lae on the coast, 50 miles to Bulolo, in the 
twelve months from April, 1931, to March, 1932. (See Fig. 8.) 

In 1931 three Canadian mining companies, using their own 
aircraft to carry their prospectors with tools and supplies, carried 
a total of 530,000 Ib. of freight and 2880 passengers a distance of 
351,200 miles. This is apart from mining work carried out by 
operating companies offering aircraft for hire and charter. 

Cost.—According to Mr. Banks the cost of transporting the 
dredges, etc., in New Guinea, weighing 2500 short tons, including 
the extra cost of sectionalising the equipment and field erection, 
came to $762,000, which at $3} to the Australian pound is £217,715. 

It was estimated that the total cost of building a road, including 
cost of haulage and road house accommodation, would total 
$1,200,000 (£342,857 Australian), as against the $762,000 (£217,715 
Australian) for carriage by air. 

Mr. Banks says that, although it is true that if a road was built 
they would have it for permanent use, he is satisfied that, under 
the conditions existing in New Guinea, the aircraft will probably 
be more satisfactory as a permanent connection with the coast 
than will a road and will cost less to maintain. 

The saving in money on interest at 5 per cent. on the tentative 
profit in sight of something over $20,000,000 (£5,714,286 Australian) 
was sufficient to pay the entire cost of the aeroplanes, and the 

landing of the whole equipment of four dredges and the power 
plant, from the ships’ side to the site of erection at Bulolo. 

An estimate for the operation of an economical air transport 
machine, of which the DH. Dragon is representative, is given as 
follows :— 

The aeroplane, with two engines of 130h.p. each and with 
maximum load of 4200 lb., has a maximum speed at sea level of 
129 m.p.h. and a cruising speed of 107 m.p.h. Petrol consumption 
at cruising speed is 13 gals. per hr., oil 3 pints per hr. Maximum 
load, with 44 hours range, consists of pilot, 6 passengers and. 289 Ib. 
of baggage, or pilot and 1350 Jb. of freight, with seats removed. 
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Capacity of cabin when used for freight is 210 cu. ft. The following 
costs relate to operation in this country and are supplied by the 
De Havilland Aircraft Company, Ltd., who have a reputation for 
being conservative. The costs may be adjusted to suit special 
conditions. In order to secure the maximum reliability obtainable, 
not less than two aircraft should be estimated for :— 


Capital Cost. 
Incidentals, say . 9s £581 
—— £6,391 
Annual Charges. 
5 per cent. on Capital .. £319 
Obsolescence allowance at 20 per cent. ag £1,278 
Insurance at 10 per cent. £639. 
Housing .. 9s £150 
2 Pilots plus insurance at £600 each ee £1,200 
£3,586 
Flying Costs. 
Flying costs and maintenance, including mechanics’ 
wages, are estimated by the makers at 35/- per flying 
hour. Assuming that the average ground speed is taken 
at 100 m.p.h., operating costs for 500 hours per year for 
each machine, making a total of 1000 hrs. per year, work 
out as follows :— 
Cost. per flying hour. 
1000 hrs. at 100 m.p.h. =100,000 miles per year 
Total cost per flying hour =£3,586 plus (35/- x 1000) 
=£5,336/1000 £ 6 8} 
Cost per aircraft mile. 
£5,336 / 100,000 ae -12-80d. 
Cost per passenger mile. 
(6 seats) od oe 2-13d. 
Cost per ton mile (1350 lb.) = .. . 


In considering operating costs of aircraft it should be remembered 
that a well run service on regular routes can average 1000 flying 
hours per year per aircraft. A light aeroplane, costing from £600 
to £750, can be operated at a sum not exceeding that of running a 
car of similar price for an annual mileage of 15,000 to 20,000. 
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Aerodromes and Landing Grounds.—For the operations already 
described in New Guinea, an aerodrome was made at Bulolo by 
clearing the jungle over an area of 4000 ft. by 1500 ft., of this 
area 3000 ft. by 1500 ft. was levelled for landing purposes. The 
work was costly, because heavy aircraft, weighing some 19,000 Ib. 
when fully loaded, were used, requiring good surfacing. 

For oilfield work temporary landing grounds could be made, 
unless of course a regular service is to be established. In the first 
air survey made in Northern Rhodesia, before the special air survey 
aeroplane was built, 39 emergency landing grounds, each measuring 
500 yds. by 100 yds., were made in the bush in addition to the 
main aerodrome, measuring 750 yds. by 750 yds. To-day, with 
the increased performance and reliability of modern aircraft, 
comparatively few landing grounds are required for emergency 
purposes. In the case of the first Rhodesian survey of 20,000 square 
miles of bush country, single engine aircraft were used, so that it 

referred to. The survey of that area was completed with- 
out a single forced landing, so that it was decided to make an air 
reconnaissance over an unexplored area of difficult country where 
no landing grounds existed. As the flying party were anxious to 
do the job, permission was given, in view of the reliability experi- 
enced with the previous operation, but Providence objected to 
chances being taken, and one of the aeroplanes had a forced landing 
in a “ dambo,” fortunately without fatal results, and damaged its 
undercarriage. The crew had a very long walk through the bush 
to the nearest village, and the aeroplane had to be dismantled and 
carried to the nearest road by native bearers. 

The survey of the 65,000 square miles successfully completed 
recently in Northern Rhodesia was made from four aerodromes and 
no forced landings had to be made. This alone justified the 
building of the Gloster A|S. 31 at a cost of over £15,000. 

Under average conditions abroad aircraft carrying heavy loads 
for the purpose of oilfield and could 
be operated off temporary landing grounds consisting of two 
cleared runways at right angles to each other, with one arm running 
in the direction of the prevailing wind. The dimensions of the 
arms being 750 to 1000 yds. long and 100 yds. wide. From the 
end of the levelled run no object must appear above an imaginary 
line rising at an angle of 1 in 15 in the line of flight for a further 
250 yds. 

Freight and Handling—The operations in New Guinea have 
proved that properly sectionalised freight can be handled in units 
weighing up to 7000 lb. perfectly safely with modern aircraft if 
intelligently handled and loaded. In 1925 the lecturer and others 
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drew up a detailed proposal for carrying by air all the drilling 
machinery, power plant and casing necessary to bring a test well 
into production. A leading manufacturer of oil tools drew up 
detailed drawings for sectionalising the necessary equipment that 
would have to be carried. It was pointed out that in certain cases 
the great waste resulting from the abandonment of roads, which 
had to be built to get the material to the site, would pay for the 
cost of the aircraft and their operation many times over if the test 
well proved to be non-productive. Several months were spent in 
drawing up these proposals, but they were not taken up by the 
company to whom they were submitted. 

At a later date the Air Ministry ordered a heavy freight carrier 
which it was claimed could be used for oilfield work. This order 
was placed as the result of the proposals referred to. It has been 
left to Mr. Banks and his colleagues to prove that the carrying 
of heavy materials for mining purposes was no dream of un 
practical visionaries. 

According to Mr. Banks, the Junker G-31 aeroplanes used had 
a cargo compartment 24 ft. long, 77 in. wide and 69 in. high. The 
hatchway was 142 in. in length by 60 in. in width. The interior was 
free of obstructions with the exception of two sets of stays, placed 
approximately 12 and 18 ft. from the front of the compartment. 

The aeroplane to be loaded stood with its tail on platform scales, 
which were situated on a concrete loading apron on the aerodrome. 
A locomotive-type crane standing behind the wing, and to one side 
of the fuselage, lifted the freight into the cargo compartment, 
the correct loading being checked by the platform scales. Heavy 
pieces of machinery were fastened in position by light steel cables 
attached at intervals to the floor and also at the fore and aft ends. 
No trouble was experienced through cargo shifting. 

To-day there is no difficulty in building or adapting aircraft to 
carry heavy oilfield equipment, while medium sized aircraft of 
the 120 to 300 h.p. class could carry geologists with field equipment 
such as the Eétvés Torsion balance, and also “ fishing tools ” and 
other types of tools and equipment. Considerable experience is 
now available on the correct handling and loading of aircraft for 
heavy freight. 

In conclusion, the lecturer wishes to record his great indebtedness 
to Mr. McConnell Sanders for having indicated the kind of informa- 
tion that Petroleum Technologists are likely to be interested in 
and for the considerable help that he has given with information 
and advice. The lecturer also wishes to include the name of Mr. 
Donald Gill in this appreciation for having kindly assisted with 
information and for permission to quote his paper and use his 
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It was suggested that the following additions should be made 
to Mr. Gill’s Bibliography :— 


{etitution of Mining and Metallurgy on Novem By D. Gill, before the 
Institution of Mining and Metallurgy on November 17th, 1932. 


The Manual of Map Reading, Photo 
Issued by the War Office. Published by H.M. Stationery Office. 

Handbook of Aeronautics, 1931. Published by Gale & Polden. 
Air Survey. Lt. J. 8. A. Salt, R.E. Paper before Royal Aeronautical 
Society, Dec. 8, 1932. 


SE. u nternational Congress of Mines, Metallurgy 
and Applied Geology, Liége, 1930. 
DISCUSSION. 


The President, in opening the discussion, said that the meeting 
would agree that it had listened to an extraordinarily interesting 
and instructive paper. The lecturer had stated in the paper that 
he had unfortunately to admit that he had to turn to the United 
States of America because he could not quote concrete examples 
of the success attained by British operating companies. From 
July, 1925, to April, 1926, however, the Sarawak Oilfields, Ltd., 
in Sarawak, had surveyed no less that 1300 square miles, using 
aeroplanes of the Air Survey Company. They had carried out a 
large survey, taking continuous vertical and oblique photographs 
and drawing and mapping certain of the rivers to a scale of 
1/10,000 and the whole of the area to a scale of 1/50,000. o. The 
company with which the President was associated owned at the 
present time no less than eighteen aeroplanes, operating in East 
Africa, South Africa, Australia, Egypt, Germany, Great Britain, 
America and the Argentine. The aircraft were used not only 
in the transport of personnel, enabling the general manager in a 
centre at, say, St. Louis to pay rapid visits to oilfields some 
hundreds of miles distant, but also particularly in Africa and 
Australia, for survey work and the finding of suitable sites for 
aerodromes and so on. 


Mr. Robert Annan (Consolidated Gold Fields, Ltd.) said 
that, being associated with companies which were using the 
aeroplane in connection with mining operations, he could give 
some details of the practical results obtained. On the subject of 
transport Mr. Hemming had already given full details of the 
methods employed by the Bulolo Gold Dredging Company in 
New Guinea up to the time when that company had transported 
the materials for one dredge and for the hydro-electric power plant 
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into the field. This company had now completed and put into 
operation a second dredge ; a third was under construction, and 
a fourth would be commenced as soon as the third was at work. 
The air transport system had worked with the utmost regularity, 
and construction had proceeded according to the original pro- 
gramme without delay. Under the existing conditions the speaker 
was sure that these results could not have been equalled by road 
transport, apart from the prohibitive cost of maintaining a road 
and transport equipment under tropical conditions and heavy 
loads. This undertaking had proved beyond doubt that, with careful 
planning and suitable equipment, heavy machinery could be 
transported by air with certainty and regularity, even under 
adverse climatic conditions. 

He said that on the question of aerial survey he did not propose 
to refer to topographic work or to the reconnaissance of large 
areas, subjects on which others were far better qualified to speak. 
but would confine his remarks to aerial photography as an aid to 
detailed geological study. In the first place, it provided with 
great rapidity a plan on which observations could be recorded. 
Next, it gave a complete view of the area, which would guide the 
geologist where to go to look for information. This, in itself, 
might mean a great saving in time when compared with . the 
laborious search for rock exposures on foot. Lastly, it brought 
into prominence structural features which might not be easy to 
recognise on the ground and which, in the ordinary way, might 
escape notice for a long time. It was the ability to take a wider 
view than was possible on the ground and to see a number of 
features in their proper relation to one another that made the 
difference. For instance, the slight surface depressions often 
caused by faulting or zones of shearing might not be very marked 
at any one point, but in the photographs their continuity and 
significance became apparent in a way that was unlikely to be the 
case to an observer on the ground. 

For such work the vertical photograph and the stereoscope 
were essential, as only in this way did the features of relief become 
apparent. It was surprising how much information of this kind 
could be gained from photographs in circumstances which might 
be thought unpromising. It was, however, necessary to guard 
against seeing in the photographs more than was actually there. 
Any deductions made from them must be verified on the ground, 
and it was a safe principle that the clues might be found in the 
air, but the evidence must be provided on the ground. In short, 
the great value of aerial photography to the “— lay in the 
rapid guidance it gave to the available evidence and in the assistance 
it gave in piecing it together. 
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Even im areas by no means new so far as mining operations were 

concerned, valuable information had been obtained regarding the 
continuity or repetition of ore deposits, and the function of aerial 
survey was by no means confined to the exploration of new areas. 
A good deal of work on these lines had recently been done in 
South Africa. New Consolidated Gold Fields, Ltd., had arranged 
with the Aircraft Operating Company, of Johannesburg, for a 
preliminary survey of — property of the Wanderer Consolidated 
Gold Mines, Ltd. The original survey had only covered an area 
of about six square miles, the cost of which, including enlargements 
of the contract prints, stereoscopes, etc., had been just under £200. 
The results of this survey had been so encouraging that a much 
larger area had then been photographed. The complete results 
of the later work were not yet available. Fig. 9 showed one end 
of that mining area, at which could be seen one of the old open 
pit workings. More of these old workings were visible, he said, 
at other points. Across the photograph there ran a definite line 
above which the vegetation was small and sparse, and below which 
it was much stronger and more conspicuous ; this line represented 
the contact between a highly silicified ironstone and a sill of 
epidiorite. Under the stereoscope the line stood up as the crest of 
a ridge. The ironstone was repeated in another band at some 
distance ; this other formation did not show on inspection of the 
print, but under the stereoscope it had the appearance of a kind 
of hog’s back running along the hillside, and was clearly dis- 
tinguishable. The contact line could be followed to a point beyond 
which it was faulted; thereafter the track of the faulting and 
the curvature produced by its throw appeared in each area. The 
line could be followed right across the country, through a dark 
belt of trees to the corner of the map. The picture showed that 
the stream had a dog-leg course, and in the stereoscopic view it 
was possible to make cut depressions running up the hill, accom- 
panied by a little, but very marked, saddle-like depression in 
the crest of the ridge, where a zone of shearing passed through. 
The photographs had been taken from the height of 8000 feet ; the 
scale had originally been 1/9600, but the pictures had been enlarged 
to double that size. 

Following on this, the Gold Fields management in South Africa 
had decided to have made an experimental survey of 20 square 
miles in the Far West Rand, in an area into which the extension: 
of the main reef series had recently been traced by geophysical 
methods. In this area the main reef series was covered by a 
heavy layer of dolomite, and the object of the survey was to 
determine if lines of faulting could be traced. On this subject 
Dr. W. S. McCann had written to the speaker as follows: “ The. 
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results of this test were most satisfactory, and we are being furnished 
with much valuable information, not only concerning faults, but 
the position of dykes along which chert has been developed in a 
manner hitherto unrealised.” 

The importance of this in planning future development was 
obvious. The speaker only regretted that he could not show 
any of these photographs that night ; they were on their way to 
London by air mail. As a result of this test 300 square miles would 
now be surveyed at a cost of £5 10s. per square mile, including 
a complete set of stereoscopic photographs on a scale of 1/10,000 
and a sketch map showing the results of the examination of the 
photographs. 

A further survey of 15 square miles, covering the area of the 
Sub Nigel Mine, was also being made, the cost for this smaller 
area working out at £21 per square mile. All this work was being 
executed by the Aircraft Operating Company of Johannesburg. 

He realised that the foregoing had little direct bearing on the 
geology of oil deposits, but hoped that it might be of interest 
that mining companies were finding aerial survey of great value, 
not only in the prospecting of new countries, but also in the 
solution of structural problems in well-estublished mining districts. 


Major B. Day said that he proposed to tell the meeting a little 
of his own experience in the new Canadian mining area known as 
the Great Bear Lake Field, which should be of particular interest 
to oil technologists at the present time, because it was almost 
entirely dependent for its future upon the oil industry. The 
nearby wells at Fort Norman, probably the world’s most northerly 
commercial oilfield, were situated on the same parallel of latitude 
as the new mining discovery. 

The speaker showed a map of the North-West Territories. 
Traversing the centre of the Great Bear Lake, he said, was the great 
geological division known as the Canadian Shield. On the east 
side the formation was pre-Cambrian, on the west it consisted of 
Paleozoic sedimentaries. On a particular point on the west 
shore of Great Bear Lake, known as Scented Grass Hills, there was 
a very large lignite coal deposit, which seemed to be about 15 feet 
in thickness. In another part of the area were situated the oil 
wells developed by the Imperial Oil Company of Canada, which 
had been capped in 1921 and had lain dormant until 1932, when 
they had been opened up again. A small still had been put in 
and gasoline sufficiently good for the new companies’ compressors 
and the ordinary mining machinery, together with crude oil for 
Diesel engines, had been made available. At the present time the 

rates were rather high ; the Imperial Oil Company charged 20 cents 
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for an imperial gallon of crude oil and 90 cents for an imperial 
gallon of gasoline. So far they had not been able to turn out a 
product of sufficiently high grade for aeroplane work. 

The area was rather a long distance from so-called civilisation. 
The nearest railroad, 800 miles to the south, ended at Fort 
McMurray, some 300 miles north of Edmonton. In the old days 
the only way of access to Great Bear Lake had been a water 
route: Athabaska River to Lake Athabaska, the Slave River to 
the Great Slave Lake, and Mackenzie River to Aklavik, with a 
branch route at Fort Norman to the Great Bear Lake via the 
Bear River. In the pioneer days the air route had followed the 
water route. One of the men, however, had decided to take a 
chance by flying directly south to Fort Rae, on Great Slave Lake, 
and down to Fort McMurray by the short route. On the way out 
he had noticed some peculiar deposits and had gone back to look 
at them; in this way the new radium and silver finds had been 
discovered. 

The work that the speaker’s company was doing was still in the 
prelimi stages. He had fortunately had a little experience 
in the oil end of the aerial survey business in California some years 
before, in the Button Willow and Kettleman Hills fields of the 
San Joaquin Valley, and had found that at 10,000 feet it was possible 
to detect outlines of the sedimentary deposits, and to see dome 
formations and anticlines which could not be distinguished on the 
ground. It had subsequently become his fate to journey to this 
northern district, where he had decided to obtain the interest of 
the other mining companies in order to have an aerial map made 
of the area which would assist them in their exploration work. 
This mapping had been very necessary because the ground was 
very rugged and the expense of taking men, provisions and equip- 
ment into the areas to be prospected was considerable. It had 
become of vital necessity to limit ground prospecting activities 
to those areas where there had been at least a good chance of a 
profitable outcome. Four of the companies had combined and 
guaranteed $2500 to the Canadian Airways, Limited, to make a 
survey of the area round Echo Bay. This area was roughly 
15 square miles in extent and, as the meeting could see from the 
large map in the library, to which Mr. Hemming had referred, 
they had made a very good job of it. Unfortunately, through 
one delay and another—first, adjusting the camera, and after- 
wards bad weather—they had been unable to get the proofs to 
the companies last season in time to be of very much use on the 
ground. The speaker’s enterprise had therefore pa with its 
individual air reconnaissance work, which it had ow 


checked by the aerial photographs. 
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The speaker said that he was entirely in agreement with 
Mr. Annan on the real value of aerial survey. Its chief value was 
from the point of view of reconnaissance, by cutting out a lot of 
doubtful ground and limiting activities to ground which showed 
the greatest possibilities. The actual work had still to be done 
on the ground, but in the reconnaissance made last summer the 
surveyors had examined five groups of properties, covering some 
5000 acres in all, making two trips over each one at a height first 
at about 5000 feet, and then at roughly 1500 feet. This had been 
done in four flights, each of one to two hours. In these four 
flights the workers had located 14 shear zones as likely oO 
and of these zones 9 had been found to be well mineralised. 
surveyors had been somewhat led astray at first by going te 
quartz, which, of course, showed up much more clearly, but in 
that area the quartz was not a good leader for the kind of mineralisa- 
tion for which they had been looking. In the course of a month 
the speaker and an assistant had covered several thousand miles, 
and had been enabled to plot three new areas for the prospecting 
erews to work on during the next season. In those latitudes 
there were three and a half to four months of open season in which 
there was no snow or serious interference from the weather and 
work could be done ; this survey would have taken three or four 
summer seasons for prospectors to cover that ground and gather 
much less accurate preliminary information than the airmen 
were able to provide. The air survey had therefore probably ex- 
pedited the work by about two years under the climatic conditions 
of the far north. 

The aerial mapping expedition had flown from Fort McMurray 
to Echo Bay; had stayed there 12 days all told to get their 
pictures on account of bad weather, and had returned to 
Edmonton; they had sent the pictures from Edmonton w 
Montreal for photographic development work, fitting of the 
mosaic, ete. The total cost had been approximately $3500, or 
about £47 per square mile. The time of the actual photographic 
work had oecupied seven hours. 

Mr. Hemming had mentioned the transportation record which 
had been set up in 1931 by the three Canadian mining exploration 
companies, who had carried some 250 tons of supplies and nearly 
3000 passengers over a distance of 350,000 miles. Much of this 
flying had been done in the North-Western Territories and a little 
south-east of it. In 1930 and 1931—mostly in the latter year— 
commercial transport companies operating in the area, on the 
Aklavik run and Great Bear Lake run, had carried mail, freight 
and passengers, had taken sick and injured men and women to 
hospital, had assisted the Canadian North-Western Mounted 
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Police, and had flown some 600,000 miles without even a forced 
landing. 

Speaking of the costs of transportation, the speaker said that 
it was difficult to use the present cost as a basis. At the present 
time this area was a luxury product. It had been recently 
established as a mining centre, and since the ore recovered was 
of extraordinarily high value and could be high graded and brought 
out as a cobbed product at a profit, the interests were suffering 
very largely from heavy charges by the aviation companies. 
However, three of the mining companies had put in their own 
planes and others were doing the same, and the cost would probably 
soon fall very materially. In the present year his company had 
been able to ship ore from the Great Bear Lake to Fort McMurray, 
828 odd miles by plane, on empty return journeys, at 7} cents per 
pound ; considering that these planes carried about 1000 pounds of 
pay load, the cost would work out at about 9d. per flying mile. — 

The speaker then showed a number of lantern slides of air photo- 
graphs taken in the North-West Territories, including Figs. 3 and 4. 
Fig. 3 illustrated a fault over which he had flown for 25 minutes 
at about 100 miles an hour—a distance of about 35 miles. Fig. 4 
showed a large quartz outcrop on which some copper had been 
worked in the early days of the present excitement and which 
had attracted the first pioneers into that district. 


Mr. R. Bourne (Imperial Forestry Institute, Oxford) said 
that all his experience of interpreting air photographs, both on 
and off the ground, led to the same conclusion: that it was essential 
to approach the question from a regional standpoint. Every 
countryside was divisible into a series of regions, the larger of 
which were generally recognised; but if this regional division 
was carried to its logical conclusion, the country could be divided 
into relatively small units, the size varying with the general 
character of the countryside. When the surveyor compared a 
photograph in one region with the ground and examined it in detail, 
studying everything that it showed, and then studied another 
photograph of the same region, he would find that he worked 
mueh faster. The second photograph would contain much that 
he could interpret straight away without having to verify it on 
the ground. On a third photograph of the same region he would 
work faster still. If he took another photograph, a part of which 
covered the same region and a part extended into another region, 
immediately he came to the boundary on the ground he would find 
that he had to begin learning again. He would encounter certain 
features which he might be able to interpret straight off without 
inspection of the ground, but in some cases the photograph would 
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be quite unfamiliar to him. He would then proceed to interpret 
selected photographs of the new region, and from what they taught 
him he could again accelerate his work. 

In general, he would choose some suitable orientation for his 
sampling work, and proceed to work across country. Suppose, 
for instance, he had a shrewd idea of the physiography and geological 
structure of the countryside and could say that lines from north 
to south would be the most desirable for the purpose of sampling ; 
if he interpreted photographs taken in that direction and studied 
the regions, he might be able to take other photographs of the 
regions sampled, and, provided he recognised each region, he 
should be able to interpret the photographs without going to the 
ground. If, however, he failed to recognise the region with which 
he was dealing, his interpretation might be wrong. Thus, in his 
opinion, the essential point in the interpretation of all photo- 
graphs, unless everything was being checked on the ground, was 
to recognise the actual region with which the surveyor was 
dealing. 


Wing Commander F. C. V. Laws, O.B.E., R.A.F. (Com- 
mandant of the School of Aerial Photography ), said that the cameras 
in use at the end of the war had been those developed during that 
period, and had not been designed purely for survey work, but to give 
pictures of a military nature in the various theatres of war. The 
development since 1919 had been entirely on the lines of cameras for 
air survey, with all the equipment necessary for the rapid production 
of photographs accurately taken and recording all the various data 
required for that purpose. Such apparatus had reduced the work 
of the observer and of the pilot to a minimum. Those companies 
who were now equipped with cameras made in this country could 
feel a certain amount of natural satisfaction and know that they 
would get suitable results without fear of frequent breakdown. 
The speaker concluded by saying that he had been most interested 
to hear the present commercial uses of air photography. 


Flight Lieutenant Campbell referred to Mr. Hemming’s 
remark, made in the paper, that he had had to go to America for 
samples of this work. The speaker recounted some of the work 
that had been done in Australia. In 1928 two Seagull amphibians 
of the Royal Australian Air Force had made a trial flight round 
New Guinea and over the mandated territory with the geologist, 
Nason-Jones. Sketch maps had been made of features of geological 
interest, supplemented by oblique photographs taken on definite 
lines of bearing. The speaker had unfortunately not been able 
to get a copy of the report during the last two days, but from what 
he remembered the main results had been to show definitely that 
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certain areas were quite out of the question from the point of 
view of oil-bearing possibilities. The positive information had not 
been very great, because on account of the very heavily timbered 
tropical country the actual features of the ground had been very 
difficult to distinguish, but the work had certainly given a great 
deal of very useful negative information. Again, last year extensive 
prospecting had been carried out by two Air Force Wapiti machines, 
in collaboration with Mr. Woolnough, the Commonwealth geologist 
of Australia. They had flown about 15,000 miles and taken about 
3000 photographs, mostly obliques, of Central Australia, Queens- 
land, the Northern Territory and the islands off the Northern 
Territory, including Melville Island and the north-west coast of 
Western Australia. So far no report had been issued, but it had 
been completed within the last month or two and should be forth- 


coming very soon. 


Dr. A. Wade said that four papers in quick succession, each 
dealing with a different aspect of the use of aircraft in field work, 
seemed to indicate growth of interest in the subject. Mr. Hemming’s 
contribution from inside knowledge was particularly useful. But 
he felt that the manner in which aeroplanes could, perhaps, 
be of most use to geologists had not yet been dealt with, and that 
was the use of aircraft for rapid visual reconnaissance as apart 
from photographic surveying. Such methods were not only more 
economical and, therefore more likely to be used by the smaller 
concerns, but would give the airman a much wider field of work, 
especially in areas which had already been more or less surveyed 
and mapped. Some of the data utilised in his recent paper on the 
Ionian Archipelago had been acquired in this manner. 

After all, the use of aircraft in surveying was merely the develop- 
ment of a method used by all field geologists. They had always 
climbed mountains, or even trees, in order to increase their range 
of vision and to attempt to get geological pictures over as wide 
an area as possible. They had planned their work and their routes 
on the basis of information so gathered, often saving much time 
thereby. The aeroplane had given them the opportunity of 
attaining still greater heights and, in consequence, still wider vision, 
as well as mobility and increased speed of working. There was no 
doubt as to its utility and economy in certain conditions. But 
it was easy to make mistakes. They could not always be sure 
of formation boundaries as seen from the air, and even marked 
changes in the distribution of vegetation were sometimes to be 
regarded with suspicion by the geologist—both of which observa- 
tions only meant that surveying from the air could never do away 
with the necessity for the man on the ground. In any case, fossils 
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had to be collected as well as hammer and spade work for the 
examination of changes in lithology, perhaps in minute detail. 

It was, however, true to say that the eye of the aeroplane 
camera sometimes saw more than did that of the observer on the 
ground. In 1924 photographs were taken trom the air of a series 
of ridges in Central Queensland at the instance of the Government 
geologist, Mr. Dunstan. Structural features, which had been 
puzzling to geologists, were quite simply explained when the 
photographs were examined. A good deal of investigation from 
the air had been done in Australia, especially in connection with 
the search for oil. In no country were conditions more favourable 
to reconnaissance by aircraft. The work of drilling for oil had been 
going on in the Kimberley region in the north-west of Westem 
Australia for some years. In 1924 it took 14 days to reach that 
area from Perth. It could now be done in one day. At the time 
of his visit a very sick man was picked up and taken to hospital 
within 24 hours, a feat which had made a deep impression on the 
public. 

In densely forested country, as in New Guinea, the use of the 
aeroplane to the geologist had its limits. In the first place, the 
cost of preparing bases would be prohibitive for any but a successful 
enterprise. Secondly, although a photographic survey could 
provide rapidly a general topographic picture, showing hills, 
swamps and the main drainage system, his experience indicated 
that the pattern made by the smaller streams came out very 
imperfectly, if at all, such streams being hidden by the density 
of the foliage. Unfortunately, the geologist depended upon these 
streams for the great bulk of his information. 

The use of the contouring stereoscope seemed to have its limits 
at present also. He was informed that errors could be serious 
unless a very efficient check was kept on the ground. This was a 
matter of some importance to the geologist who was elucidating 
structure. 

Dr. Wade said in conclusion that he would like to refer to 
one important omission from Mr. Gill’s bibliography. This was 
Dr. Stanislaw Zuber’s “ Methodes d’application de l’Avion et de 
la Photographie aux Recherches Geologiques,” presented at the 
International Congress of Mines, Metallurgy and Applied Geology 
at Liege in 1930, which did, to some extent, deal with visual 
reconnaissance, and supplied data which might be important in 
that connection. 

Mr. T. R. H. Garrett said that it was almost impossible for 


those geologists who had not themselves made use of the aeroplane 
to realise what an asset it is. But he wished to stress Mr. Annan’s 
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remarks that the geological work from the air must always be 
followed by work on the ground. 

As an example, two years ago, in the Far East, he agreed from 
an oblique (not vertical) inspection with the structure previously 
determined from an oblique reconnaissance; but, when he came 
to work on the ground he found that the structure was quite 
other than that which he had supposed. 


Mr. C. A. P. Southwell said that he spoke as one who had 
had experience in the use of the aeroplane by the petroleum 
technologist. 

As far as the speaker’s company was concerned, an aeroplane 
was of great help to the senior staff for transport purposes, and to 
the geologist, and road and pipe-line engineers for technical work. 
His experience was that every available opportunity was taken 
by the staff to see things from the air which enabled the personnel 
concerned to obtain a quicker, better and broader picture than could 
possibly be obtained without very lengthy examination on the 
ground. 

Unless one had experienced it, one could not appreciate, for 
example, what a splendid examination of a surface-laid pipe- 
line one could make when flying along it at 300 feet above the 
ground. 

With regard to the geological side, the view of the geology 
obtained from the air gave one a broader and clearer picture, and 
would in the future provide wonderful opportunities for geological 

He could not agree with the last speaker that the results obtained, 
either with the eye or photographically from the air, would provide 
a picture very different from that resulting from actual geological 
survey on the ground, certainly not as far as vegetation-free 
countries were concerned. 

His experience had been that following surface mapping the 
geology in barren countries could be checked from the air, and 
minor errors made during the surface mapping could be corrected. 
He had seen an instance where a structure had been missed by 
geologists on the ground, whose traverses had passed on either 
side of it, but which was subsequently observed by an aerial 
reconnaissance, which instanced how valuable the aerial examina- 
tion could be. 

Apart from actually photographing the country, the aeroplane 
was of great value in going over the area quickly so that the 
geologists could see in which areas detailed surface work would 
be of value, and by this means they could avoid the delay and 
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expense of mapping stretches of country of little interest from 
geological point of view. 

He had had the opportunity of examining some of the photo. 
graphic maps of the Orinoco Delta, which the speaker had men. 
tioned in his paper, and had had a limited experience of flying 
in Trinidad. The photographs which he had seen of the delta 
area provided very interesting evidence of mud volcanoes and gas. 
oil seepages, indicating probable fault lines or junctions of 
formations. As one who had had the experience of an aerial view 
of tropical forest, in addition to that of barren rocky countries, 
he wished to point out the difficulties of interpretation, both 
from a geological or engineering standpoint, of photographs taken 
in a tropical country covered with a blanket of thick vegetation, 
when compared with photographs of uncovered rocks in such 
countries as Persia, where interpretation was comparatively 
simple. In all cases, assuming sufficient preliminary ground 
examination had been carried out. 

From an engineering point of view the aeroplane was invaluable 
in preliminary surveys for test wells, where road-making was likely 
to be both difficult and expensive, as it reduced the time which 
the engineer would require, by indicating the most likely points 
for investigation and survey. 

He was interested in Mr. Hemming’s remarks on transportation 
of drilling material. Whilst many companies had had experience 
of transporting small items of equipment, such as fishing tools, 
landing nipples or special well instruments, he was not aware that 
any oil company had actually transported the whole of the equip- 
ment required for a test well by means of an aeroplane. The 
modern test well, with its camp, comprised some 1500 tons of 
material, and as far as the speaker’s experience was concerned 
the smallest weight to which the heaviest part of the plant using 
internal combustion engines could be broken down and packed for 
transport was in the neighbourhood of 6 to 7 tons. Mr. Hemming 
had quoted figures of 3} tons, and he was interested to know if any 
details of the plant transported by aeroplane were available. As 
far as the 6—7 ton figure was concerned, he assumed it could be 
dealt with by increasing the size and power of the aeroplane ; 
it might, however, mean larger landing grounds. 

He was very interested to hear that heavy metal-mining equip- 
ment had actually been transported by aeroplane in order to avoid 
expensive road making. As far as test drilling was concerned, 
when comparing the cost of air transport with road making, they 
would have to include the cost of removing from the site of the 
test well the greater part of the equipment in the event of the well 
proving to be a failure. In the event of the well proving commercial 
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oil, then road making would be necessary, and he felt that the 
question of transporting equipment for oil development was not 
quite comparable with metal mining. 

In gold mining the gold won could be transported from an 
inaccessible mine by means of the aeroplane, an entirely different 
picture from oil development, but no doubt we should see great 
and rapid progress in the use of air transport in the petroleum 
industry, as it had already proved of the greatest value to so 
many of the technical arms. 


Mr. T. Dewhurst said that he hesitated to express his views 
after Major Garrett’s remarks, as he was definitely of opinion 
that visual aeroplane reconnaissance was of very great value in 
geological exploration, provided that the geologist engaged in the 
work was experienced in flying, was familiar with the appearance 
of the strata and had a good working hypothesis of the general 
geology of the region under observation. At the present time 
visual observation was more valuable than aeroplane photography, 
as the latter required closer checking, but doubtless as time went 
on photographic mosaics would become increasingly useful. 

The speaker agreed that the main sphere of aeroplane observa- 
tion and photography was in reconnaissance. At the present 
time it did not promise to be so helpful in oilfield development. 
Nevertheless, he had had in his charge for some years a photo- 
graphic mosaic of the Yenangyaung Oilfield, which showed very 
clearly the general geological structure of that field, and he 
appreciated that such a photographic mosaic might be very useful 
during the early stages of the development of an oilfield. 


Mr. D. A. Sutherland said that he desired to confirm what 
Mr. Dewhurst had said as to the value of visual observation in 
addition to records by photographs. The study and interpretation 
of aerial photographs, like the taking of them, required a great 
deal of hard work and patience, and was a special subject in itself. 
He had taken photographs somewhere about thirty years ago, 
at a height of 1500 feet, over Los Angeles in California from a 
balloon. There was a reproduction in the ‘‘ Petroleum Review” in 
1902, and a glance would show the great difference in the country 
that had taken place since then. Subsequent to the war he had 
had several opportunities of appreciating the advances made by 
aerial surveys. During the last three or four years the speaker 
had made several expeditions into the very difficult country 
surrounding the southern part of the Dead Sea, in Palestine and 
Trans-Jordan ; he had travelled by boat, on camels, on horses, 
as well as on foot, but owing to the mountainous nature of the 


terrain, with deep gorges and high precipitous hills, he had found . 
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it very hard to form an opinion quickly as to the character of anti- 
clines or the presence of faults. Last September, however, by a 
fortunate chance, he had been flown in a Puss Moth aeroplane 
on a perfect day, when the whole district could be seen most 
plainly, and he had been able to trace the anticlines running for 
miles. The magnetic compass in front of the pilot enabled him 
simultaneously to make observations and take directions of 


_ geological structure or other features of interest, such as means 


of access. The result was confirmation or modification of views 
held or formation of entirely fresh ideas to be followed up on the 
ground. In three hours he had covered over 800 square miles 
and memorised the details as a comprehensive whole. He carried 
a visual photograph in his mind which he could reproduce clearly 
in memory, although he did not possess a photograph. 


The President remarked that he was quite convinced that 
the aeroplane was a great aid to the study of the physiography, 
if not the geology, of a country. One of the most enjoyable flights 
he had ever had had been from San Francisco to Los Angeles. 
The view, owing to the lack of vegetation, was wonderful and gave 
a clear picture of the river systems. He proposed a hearty vote of 
thanks to the lecturer and to the various colleagues who had helped 
him in preparing his fine lecture and exhibition. The only regret 
of the meeting would be that it had not sufficient time to study 
all the details which were on view in the library. The vote of 
thanks was carried with acclamation. 

The following written contributions to the discussion were 
received subsequently :— 

From Mr. C. T. Berry: 

In my flying experiences I have been much impressed with the 
ease with which geological features can be picked out, and can 
definitely state that the aeroplane should be part of the equipment 
of any modern oil company. With it, and the modern aerial 
camera with its super long-distance lens, a geologist can cover 
hundreds of square miles over any given area in a day, pick out 
by eyesight quite easily any likely looking structures, and with an 
aerial photograph of the same structure trace its peculiarities, 
which is of infinite value to the geologist when making a close-up 
inspection on foot, whether the structures are exposed, semi- 
exposed, or fully covered with jungle. In the case of wooded or 
jungle areas, the trained eye of the experienced geologist can 
pick out structures by the form of flanks, dips, etc., and get a more 
general bird’s-eye view, which is impracticable on foot. Quite 
true, these spots must subsequently be closely inspected on foot. 
The argument put up that that which looked like a structure from 
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the air turned out to be nothing, proves that from the air one is 
less likely to miss something that is a structure, with its usual 
outstanding information known to oilfield geologists in general. 
The geologist should have several preliminary hours’ experience 
in the air to acquire what I term “ aerial vision,” before attempting 
to fly over and take aerial photographs, or survey any given area. 
Aerial photographs and surveys cannot be taken in foggy or misty 
weather, but with the development of infra-red-ray photography 
this may become possible. The footslogger, also, has to hold up on 
these occasions when investigating new territory, it being a simple 
matter to pass a possible structure in the mist. The geologist may 
fly at any altitude to suit his own style, and he can inspect a given 
area in four hours, in any aeroplane, that would on foot take six 
months, and in comfort and with much less expense. The aero- 
plane has also come to stay in the transport of oilfield equipment. 
The modern drilling rig can be taken by commercial aeroplane, 
the largest piece would wiegh about 1} tons, taking it for granted 
that the drilling motive power is motors. I know from actual experi- 
ence that an aeroplane can land within a very few miles of any oil- 
well site that I have seen. These commercial aeroplanes can be built 
by several aircraft manufacturers in England. The ordinary 
modern Gipsy Moth aeroplane can pick up about 800 lb. freight 
or load, and deliver it hundreds of miles over any class of country 
in a very few hours. It is much cheaper to clear an aerodrome 
site than to cut and maintain a road for heavy transport through 
rugged and difficult country. Think what a saving of time and 
money this would mean when work is shut down waiting on some 
special fishing tool, a hospital case, or people cut off by floods or 
otherwise isolated. I have been in these positions, and speak from 
personal and practical experience. 


From Mr. L. Owen: 

I should like to congratulate the author on the reserve with 
which he has put forward the claims of aircraft and would thank 
him for indicating so clearly the limitations which are, at present, 
inherent to its use. 

The importance of air photographs for the geologists cannot 
be over-emphasised, even in heavily wooded country. Heavy 
bush, so common in tropical areas, masks the ground from the air, 
of course, but the difficulties of the ground worker in forest land 
are so great, normally, that even the little additional information 
that may be gleaned from an. air photograph of such areas is very 
welcome. 

The interpretation of such photographs, however, should never 
be attempted without first obtaining a thorough ground knowledge 
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within the area covered by the photograph. Otherwise, serious 
error is almost inevitable. 

Plant ecology has long been usefully employed by the geologist, 
but it should be emphasised that a change in vegetation does not 
necessarily imply a change in the underlying geology, nor is a change 
in the underlying strata invariably accompanied by a change in 
vegetation. 

In heavily timbered land, also, particularly in the tropics, 
topography is sometimes developed plagioclinally to the main 
structural trend. 

To my mind, one of the chief dangers of the extended use of air 
photographs by the geologist is the tendency to pass over, without 
due examination, such areas as appear to be devoid of geological 
information. In this connection, it may be noted that small 
streams rarely show up in a small-scale photograph of heavy forest 
land. 

The more experienced worker will, of course, be wary, as he will 
recall his own discoveries of vitally important data in the most 
unpromising environments, but the young man in a hurry may easily 
be misled. 


Mr. H. Hemming, in reply, wrote that he felt that he had 
been fully justified in turning to the United States of America 
to quote examples of the use of air survey for oilfield development, 
because it had resulted in the President and other speakers referring 
to actual work carried out for the British oil industry. In spite 
of what the President and other speakers had said, he felt bound 
to reaffirm, with all due respect, that, in comparison with the 
work which had been done in the United States, little had been 
done for the British oil industry. 

The lecturer felt greatly encouraged, however, because it was 
clear from the remarks made by those who had contributed to the 
discussion, that the potential value of aircraft and the air camera 
for oilfield development was now appreciated by petroleum 
technologists. 

He thanked Mr. Annan for the additional information regarding 
the further development which had taken place in connection 
with the Bululo Gold Field Transport Service. He felt that the 
continued success of these interesting operations should establish 
definitely the aeroplane as an efficient carrier of heavy mining 
equipment in undeveloped countries. He hoped that the British 
aircraft constructors would give some attention to this matter, 
and that those companies which supplied the oil industry with 
tools and drilling equipment would consider designing equipment 
for transport by air. The lecturer thought that Mr. Annan was 
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the first mining expert to stress the value of air photographs in 
providing additional information in areas already carefully 
geologised on the ground. This opened up further possibilities 
for air survey work in developed areas. 

The figure quoted of 3} tons, which Mr. Southwell referred to, 
was concerned with the dredging equipment used in the Bululo 
operations. The lecturer thought that Mr. Southwell would be 
able to get all the information he required on this subject from the 
paper by Mr. Banks. Mr. Banks points out in his paper the 
desirability of using low-wing monoplane types, because of their 
adaptability for the loading of heavy equipment, and the lecturer 
hoped that British aircraft constructors would note this point. 
It seemed unfortunate that all of the transport work referred to in 
the paper had been carried out by foreign makes of aircraft. He 
hoped that aircraft constructors and the tool manufacturers would 
now get together with a view to seeing what could be done, and, 
if the lecturer could help in this direction, he would be very 
pleased to do so. 

The dredging equipment for the Bululo operations was specially 
broken down in sizes suitable for transport by air, and, no doubt, 
the oil well supply companies could break down the equipment 
necessary for drilling test wells for carriage by aircraft. The 
lecturer understood that the heaviest unit would be the motor, 
and that could be broken down into parts, the heaviest of which 
should not exceed 3500 lb. 

As regards the point raised by Mr. Southwell of the necessity 
of building a road, should a test well bring in commercial oil after 
it had been drilled by machinery brought to the site by air, the 
lecturer understood that there had been cases where roads had 
been built, at considerable cost, to the site of a test well only to be 
abandoned at great loss, when, after drilling, the test well proved 
useless. The lecturer suggested that there might be cases where 
such wastage could be avoided, if aircraft were used in the early 
stages of drilling the test well. Then there would be no need to 
incur the expense of road building until the test well proved worth 
the cost. 

In referring to Major Day’s remarks, the lecturer said that he 
was glad that Major Day had recorded that the new radium and 
silver finds in the North-West Territories of Canada were due to 
their being seen in the first instance from an aeroplane; but, 
of course, when first seen, they appeared as some peculiar deposits 
and had to be prospected on the ground. 

The lecturer wished to stress that it was not claimed that air 
photography and air reconnaissance could offer anything more 
than a clue, as Mr. Annan had said. He hoped he had made 
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this clear in his paper and he was glad that other speakers also had 
emphasised this point. 

The lecturer was glad that Mr. Bourne had laid down the policy 
to follow in interpreting air photographs. Mr. Bourne was an 
authority on this subject and had struck the right note of warning. 
Unfortunately, air surveying, being new and rather spectacular, 
had suffered in the past through the exaggerated claims made on 
its behalf by uninformed enthusiasts. This had undoubtedly caused 
many professional mining men and engineers to look upon air 
surveying with some mistrust. However, it seemed clear, from the 
attitude taken by those who had contributed to the discussion, 
that the subject was now being looked upon by members of the 
Institution in a serious light, and he felt that this augured well 
for the future. 

Dr. Wade and other speakers had struck the right note, and 
so long as aircraft and air photography and reconnaissance were 
looked upon as an aid to the geologist, the engineer and the 
surveyor, and not as a means of replacing these essential experts, 
he felt that matters should now progress to the mutual benefit of 
the oil industry and of commercial aviation. 

The lecturer was pleased that Flight-Lieut. Campbell had 
referred to the work that had been done in Australia, and hoped 
that some reports would be available on this subject soon. He 
had tried to get some information to include in his paper, but, 
unfortunately, the information had not yet arrived. 

Dr. Wade, Mr. Dewhurst and Mr. Sutherland had suggested 
that aircraft could be of greater use to geologists for reconnaissance 
than for photographic surveying. The lecturer suggested that a 
combination of the two methods was really what was required. 
If a careful reconnaissance had to be made of a large area, quite 
a lot of valuable photography could be carried out while on the 
flight at little extra cost, especially when compared with the 
value of the information which might be secured. The lecturer 
wished to thank Dr. Wade for suggesting an addition to 
Mr. Gill’s bibliography, and hoped that other members of the 
Institution would be able to suggest additions which should be 
included. 

With regard to the written contributions to the paper, he was 
glad that Mr. Berry was such an enthusiastic supporter of the use 
of aircraft in connection with geological prospecting, but wished 
to stress that in order to obtain the best results, air surveying 
must be treated as a precise operation, requiring close co-ordination 
between all those concerned with the work. Mr. Berry says that 
the ordinary modern Gipsy Moth aeroplane could pick up about 
800 lb. freight or load, and deliver it hundreds of miles away 
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over any class of country in a very few hours. The lecturer would 
point out that, when filled up with fuel for a range of 290 miles, 
and after allowing for the weight of the pilot, the available load 
for freight on a Gipsy Moth is 475 lb., and not 800 lb., as stated 
by Mr. Berry. 

Mr. Owen states that in tropical countries the heavy bush 
masks the ground from the air, but even the little additional 
information that may be gleaned from an aircraft in such areas 
is very welcome. The lecturer understood that, even in heavily 
forested countries, where the forest canopy closed over the streams, 
the course of such streams could be traced in many cases by the 
difference in the density of growth near the water. 

It was also understood that abandoned native workings could 
be located in certain instances from air photographs, in view of 
the fact that, when a clearing has once been made in the forest, 
the second or following growths are much thicker than the first 
growth, and consequently a difference is seen in the forest canopy 
as shown on the air photographs. 

Mr. Owen raised an important point in stating that air 
photographs may cause the geologist to pass over certain areas 
without due examination. The lecturer suggested that this was 
far more likely to occur should the geologist only rely on visual 
reconnaissance. If visual reconnaissance is used and is supported 
by air photography, it would seem that Mr. Owen’s objection 
should be overcome to a large extent. 

The lecturer wished to record his appreciation of the valuable 
remarks and suggestions that the various speakers had contributed 
to the discussion. 

He was much indebted to Mr. Robert Annan for describing 
the use of air survey methods in connection with mining work in 
South Africa, and for kindly lending photographs and a steroscope 
for the benefit of those interested. 

The lecturer also wished to thank Major Bernard Day for 
contributing remarks on air survey work in connection with the 
opening up of the North-West territories in Canada. Major Day 
had also kindly lent a stereoscope and stereo photographs for 
exhibition purposes as well as a most interesting mosaic of part 
of the Great Bear Lake district. 

In conclusion, Mr. Hemming said that it gave him the greatest 
pleasure again to record his thanks to Mr. McConnell Sanders, a 
member of the Council, for the great help that he had given in 
connection with the preparation of the paper, and to Mr. Donald 
Gill for so kindly allowing him to make use of his paper. He 
apologised to Mr. Banks for so freely using his paper without his 
permission, but as Mr. Banks was abroad it was not possible to ask 
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him in time. The lecturer also recorded his appreciation of the 
assistance that the following had given him :— 

Smith’s Aircraft Instruments for having gone to considerable 
trouble in fixing up the Pilot’s Assister and also the Holmes 
telecompass which were shown in working order in the library ; the 
Williamson Manufacturing Co., for having sent a working model of 
the camera and for the loan of certain slides ; Messrs. Barr & Stroud, 
Ltd., for the loan of their topographical stereoscope ; Messrs. W. F. 
Stanley & Co., for having lent four pairs of stereo spectacles for 
the examination of air photographs ; Capt. C. E. Ward for lending a 
photograph. Lastly, the lecturer wished to thank the Aircraft 
Operating Co., Ltd., the Air Survey Co., Ltd., and Aerofilms, Ltd. 
for the loan of certain slides and for supplying certain photographs 
and information. 

In concluding his remarks the lecturer said that he hoped that 
what he had said would be taken as being quite impartial, as he was 
not associated with any company. He was genuinely inspired by a 
wish to see the wonderful services, which he knew that aircraft 
and the air camera could render to Empire and trade development, 
mate full use cf, particularly by the British oil industry. 
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The Origin and Environment of Petroleum Source 
Sediments.* 


By M. E. Ketty (Student Member). 


Waits the problems of the origin and environment of petroliferous 
sediments have been under discussion for many years, it is only 
recently that extensive and detailed research into present-day 
sediments of the petroliferous type has been undertaken, and that 
serious attempts to correlate theory with quantitative observation, 
which alone should form the basis for scientific theory, have been 
made. 

The purpose of the following paper is to give an account of the 
published work relating to the subject and an indication of the 
conclusions to be deduced therefrom. 

In the discussion of the origin and environment of source sedi- 
ments, the matters to be considered are :— 

1. The nature and conditions of deposition and preservation 
of the organic material which has provided the present accumula- 
tions of petroleum. 

2. The analogous present-day sedimentation of organic matter 
in a manner favourable to its preservation as a petroleum producing 
deposit. 

These two headings cannot be treated separately and must be 
developed, as it were, side by side, for it is not possible to deduce 
the conditions of one entirely from the known facts relating to 
the other. 

It is now generally accepted that petroleum occurring in any 
considerable quantity is of organic origin. The arguments for 
and against the theory of the organic nature of oil are too familiar 
to require enumeration in detail. 

Briefly, the underlying principles are :— 

(i.) Petroleum certainly originates in the sedimentary series. 
In most cases very thick impervious strata, entirely without 
traces of oil, separate the oil-bearing groups of beds from possible 
deep-seated sources. 

(ii.) The production of hydrocarbons at the surface of the earth 
involves a reduction of the state in which carbon exists normally 
in inorganic combination in nature—in the oxidised state as carbon 
dioxide or the CO, radical. This reduction requires energy which 
at the surface of the earth must, ultimately, be derived from 
solar radiation, and the only way in which solar energy can be 
utilised to any continued extent is through the agency of plant 


* Paper submitted for the Students’ Medal and Prize, 1931-1932. 
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life" The only other element reduced from the oxidised state 
in nature and forming significant deposits in the sedimentary 
series is sulphur. Partly, sulphur may be derived from volcanic 
deposits or oxidising sulphide ore bodies, but it appears that, in 
general, the greater part of the ‘sedimentary deposits of sulphur 
is directly or indirectly of organic origin. Bacteria, under suit- 
able conditions, deposit elemental sulphur, apparently through 
the reduction of sulphates to sulphides, followed by the formation 
of hydrogen sulphide which oxidises to sulphur. (Little is known 
of the sulphur associated with salt plugs. It appears to be directly 
related to petroleum.) 

(iii.) Solid carbon and carbon compounds occurring as coals 
and allied deposits are generally undeniably of origin. 

Hence, in general, no compounds formed by reduction from the 
natural oxidised state may be expected in sediments unless they 
are of organic origin. A point which appears to have received 
insufficient emphasis, at least in refuting the ‘‘ completely inorganic ” 
theories of the origin of petroleum, is the usual optical activity of 
petroleum? Most crude oils are optically active, to the extent 
of, perhaps, ad,, (-0-18°). This shows an organic and possibly 
an animal origin for some part of the oil, for a liquid of completely 
inorganic origin cannot be optically active. 

An objection to the organic theory, raised by Ramsay in 1924, 
was: “ A further argument against the organic theory is the almost 
entire absence of the nitrogenous and oxygenated compounds 
which are associated with the decomposition of animal and vege- 
table matter, and which usually break into compounds dissimilar 
from petroleum.” Hackford‘*, however, states that: “It is 
dubious whether this objection can be upheld, as the nitrogenous 
content of organic matter is largely transformed into water soluble 
ammonium salts, while the remainder is converted, inter alia, 
into tertiary amines, which are soluble in oil. Traces of ammonium 
salts are often found in conjunction with crude oil, while tertiary 
amines are well known constituents.” 

Curiously, none of the few remaining upholders of the “‘ inorganic ” 
theory seems to have suggested that the optical activity of oil 
may be due to the action of bacteria on an inorganic petroleum. 
An inorganic oil would be a racemic mixture, and a very slight 
destruction of one optical isomer would result in the formation 
of an optically active oil—and bacteria usually attack one isomer 
of a racemic mixture preferentially. Thus, an optically active 
oil would be formed from essentially inorganic constituents. 
Bacteria have been shown to exist in most petroleums, and it 
would be expected that, by their life processes, they would be 


increasing the optical activity of the oil. 


 . 


3 Tt: 
by 
So 
oil 8 
suita 
assis 
distil 
at 0 

reseé 
tion 
Tl 
knot 
forn 
beet 
var 
to f 
V 
by: 
ent 
int 
it 
coa 
are 
foo 


KELLY : ORIGIN OF SOURCE SEDIMENTS. 119 


It would be interesting to know if petroleum partially decomposed 
by the bacterium recently discovered by Lipman and Greenberg® 
shows increased optical activity. 

Some, probably most, organic materials may be shown to yield 
oil similar to natural petroleum by laboratory distillation under 
suitable conditions of temperature, pressure and humidity, possibly 
assisted by the presence of lime, clays or other bodies during 
distillation. Similarly, petroleum-like oils and bitumens have 
been shown to be formed by the aqueous decomposition of algze 
at ordinary temperatures. 

Thus may be cited Warren and Storers’, and later Engler’s, 
researches on Menhaden oil* and Hackford’s work on the decomposi- 
tion products of alge.® 

The constitution of a source bed is, as yet, undefined. It is 
known, from the relations of completely impervious beds to the 
productive horizons of oilfields, that the oil must have originated 
within certain limits in the geological succession of the particular 
formation, but the mother rocks, in nearly all cases, have not 
been identified beyond dispute. In the following account the 
broad line taken will be to consider, first, the general conditions 
of the accumulation of organic matter; then, in more detail, the 
various types of organism which have been suggested as likely 
to provide significant quantities of organic debris; and, finally, 
to give a summary of the results of recent investigation into the 
condition of present-day sedimentation. 

When an organism dies, if it is not at once consumed as food 
by other organisms, decomposition usually sets in and, if unchecked, 
entirely consumes the remains. The survival of any part of the 
organism or of any secondary matter derived from it depends on 
interference with the process of decomposition or oxidation, and 
it is to this interference that all oils, oil shales, peats, lignites, 
coals and other organic carbonaceous or bituminous accumulations 
are due. 

The destruction of the remains of organisms not devoured as 
food is effected by :— 

1. Mechanical disintegration. 

2. Fungi and moulds. 

3. Bacteria and enzymes, the most ubiquitous and important 
being the anzrobic bacteria. 

Bacteria are present in all natural environments where a supply 
of oxygen is available. The anzrobic bacteria are able to live 
under the least favourable conditions, abstracting the oxygen 
for their life processes from combination in the food stuff thus 
effecting chemical reduction of a part of the material. 


d state 
nentary 
rolcanic 
that, in 
sulphur 
T suit- 
hrough 
mation 
known 
irectly 
Coals 
m the 
they 
ceived 
anic ” | 
ity of 
xtent 
ssibly 
letely 
1924, 
Imost 
vege- 
milar 
t is 
nous 
luble 
alia, 
ium 
jary 
‘ic ” 
oil 
um. 
ght 
‘ion 
ner 
ive 
its. 
it 
be 


120 KELLY: ORIGIN OF SOURCE SEDIMENTS. 


An important point in the consideration of the action of bacteria 
in the formation of petroleum sediments is that there is no evidence 
that anzrobic bacteria generate directly hydrocarbons that 
characterise petroleum.‘ Methane is known to be formed by 
the action of anerobic bacteria, but the higher hydrocarbons 
are not formed. Hence, the effect of the action of anaerobic 
bacteria is the formation of compounds nearer petroleum in constitu- 
tion than the original matter by the removal of oxygen from the 
oxygenated organic bodies, but not the formation of petroleum itself. 

As will be seen later, it is now thought that liquid compounds 
are not formed at the time of sedimentation, their formation 
probably being delayed until the temperature and pressure of the 
sediment has risen by blanketing and geothermal action. More. 
over, the modern opinion is that bitumen of a kind is intermediate 
in the formation of liquid petroleum and is not, as was once supposed, 
invariably the end product or residuum of liquid petroleum. 

Beyond certain unconfirmed reports of waxy bodies in sea 
sediments and oil droplets in black muds*, there is no evidence 
of undoubted formation of liquid petroleum in fresh sediments, 
and it is now fairly generally accepted that petroleum is derived 
from organic compounds which are solid and non-volatile at the 
time of deposition and for some time after. 

Thus Trask® found no liquid hydrocarbons in recent sediments 
containing 7 per cent. of organic matter which were regarded as 
likely to form rich petroleum source beds, and came to the conclu- 
sion “that it is improbable that petroleum forms in sediments 
at the time of or shortly after deposition.” 

There is, thus, practically no evidence for the theory developed 
by Murray Stuart’®, which postulates the formation of oil followed 
by its sedimentation with clay particles. Stuart certainly showed 
that oil, if formed, would be carried down as a mechanical mixture 
with the sediment, but is unable to advance evidence of the forma- 
tion of the oil. 

The survival of solid organic matter in sediments necessitates 
suppression of the process of biochemical decomposition. Retarda- 
tion alone of this decomposition may result in the production of 
methane, hydrogen sulphide, ammonia and carbon dioxide, but 
will not leave solid compounds. 

Retardation of, and ultimate suspension of the decay of accumu- 
lated organic matter are caused by smothering under other sedi- 
ments (especially the fine grained sediments), by deposition in 
stagnant or “bottom poisoned” water, by a sufficiently rapid 
accumulation of the organic matter itself, by the self-poisoning 
of the bacteria producing decay, by desiccation and by the effects 
of heat and cold. 
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Other more doubtful possible causes of the suspension of decay 
are: the presence of brine, the presence of acids developed by 
vulcanism, the formation of compounds which cannot be attacked 
by bacteria, the adsorption of organic products by colloidal sedi- 

ments and their consequent removal from the sphere even of 
bacterial action, and the problematical relations of dissolved 
silica to organic matter. 

Of the doubtful causes listed above, brine as a preserving agent 
has been suggested partly on account of the invariable association 
of saline water, often assumed to be connate water, with oil and 
the occasional association of saliferous deposits with oil, and 
partly on account of the known antiseptic and preserving properties 
of brine. However, the conditions of formation of brine and 
those of the accumulation of any great quantity of organic matter 
appear to be almost incompatible. Brine does not form suddenly, 
and the conditions of desiccation of, say, a lake basin, result in 
the stunting and slow suppression of the fauna rather than in 
the accumulation of much dead matter. Nor are the surroundings 
of a brine basin likely to favour the growth of vegetation which 
might accumulate debris. Alge do not flourish in saturated 
brine. The only saline types of deposition which might favour 
organic preservation are the periodical flooding of otherwise arid 
areas by salt or brackish water containing organisms, and the 
formation of such basins as that of the Quaral Boghaz on the 
Red Sea, where a steady current of sea water carrying fish and 
other marine organisms flows across a shallow bar into a saline 
basin where continuous evaporation takes place, forming brine 
conditions likely to kill off and possibly to preserve the fish. But 
these conditions appear exceptional. 

The possibility of the formation of compounds which bacteria 
could not attack seems doubtful, for almost as long as carbon 
retains union with hydrogen in bituminous organic compounds 
it appears capable of being oxidised by bacteria; thus Dr. Otto 
Rahn" mentions a mould fungus which can decompose paraffin 
wax to the extent of 77-79 per cent. in six weeks, while Lipman 
and Greenberg report an autotrophic bacterium, isolated from 
petroleum derived from a well over 8700 ft. deep, which oxidises 
ammonia directly to nitrate and completely decomposes petroleum 
without apparent gas formation apart from the end product, 
carbon dioxide. 

The theory of the formation of “ loose ” or complex compounds 
of oils, proteins or other organic bodies with silica and aluminium 
silicate in clays and silts, at one time fairly generally upheld (Crum 
Brown’s “ kerogen”), has now little support. White” states : 
“The term kerogen .... has no scientific foundation.” 
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Nevertheless, the fundamental conception of solid compounds which 
only yield oil on distillation still holds good; the yellow bodies 
of oil shales, while possibly not definite chemical compounds, do 
not contain oil as such. 

The possibility of the adsorption of oily compounds by clays 
appears remote. Certainly fine sediments will carry down oil 
globules mechanically trapped, as Murray Stuart showed, but 
fine sediments do not adsorb oils in the presence of water. 

Little is known of the relation of organic matter to silica depositing 
from solution. Silica entering the sea is second only to calcium 
in quantity, yet the sea contains practically no silica. Exactly 
how or where the silica is deposited is not known, but it seems 
probable that part, at least, is deposited as a gel, and in this condi- 
tion might well be an effective preserving agent for organic matter. 
As will be shown later, the organic content of near shore sediments 
is far higher than that of open sea sediments, and this may be 
partly due to the greater amount of depositing silica. 

Of the undoubted factors in the suspension of decay mentioned 
previously, rapid accumulation of silt, as under estuarine conditions, 
although probably effective in preservation of any organic material 
therein, does not appear likely to form rich oil source beds, for the 
amount of silt will usually be excessive compared to the organic 
content. However, sudden accumulation of moderately thick 
blanketing sediment over rich organic material would be effective. 
Macfarlane supposes that cataclysmic accumulations of fish 
remains, due to volcanic action, provided most of the oil shales 
in North America. He points out that within historic times 
many volcanic eruptions have provided enormous and extensive 
deposits. Thus the Krakatoa eruption produced 18in. of ash 
at a distance of 66 miles, while the Katmai eruption (Alaska, 
1912) formed about 12 in. of dust at a distance of 160 miles, and 
it is reasonable to suppose that within these radii most of the 
marine life was killed and the remains sedimented with the ash. 


Tue Deposttion or OrGANIC MATTER. 


Normally, the amount of organic matter in a locality such as 
the sea or a lake remains approximately constant under equilibrium 
conditions. 

The dead organisms will be eaten by other organisms or will be 
worked over by the benthos and bacteria until completely consumed. 
Hence a deposit such as the chalk, showing evidence of a largely 
organic origin, may accumulate under conditions of balance without 
leaving traces of reduced carbon compounds, phosphates or nitrogen 
compounds. Thus Twenhofel'* states: “Some bays on the coast 
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of the Mingan Islands and Anticosti have sea-urchins in almost 
countless numbers, and everything on the sea bottom must have 
made many trips through their intestinal tracts.” Again, Murray 
and Lee'S remark: “ Large numbers of Holothurians and other 
marine creatures here (the South Pacific Ocean) eat the mud to 
obtain the organic matter associated with it; indeed, it is more 
than probable that all marine deposits are in this way passed 
through the intestines of organisms”; and Buchanan’® states : 
“The matter forming the bottom of the sea is continually passed 
and repassed through the bodies of the numerous tribes of animals 
which demonstrably live on the mud and its contents.” 

The report of the Challenger expedition contains comments on 
the almost total absence of fish bones in sea sediments.” This 
is explained by the partiality sea-urchins display for fish bones.'* 

Under conditions where the benthos can flourish the chances of 
survival of appreciable amounts of organic matter are negligible. 
As a matter of fact “ black” shales with a high carbon content 
contain practically no fossil benthonic organisms, while many 
oil shales and shales regarded as mother rocks are remarkably 
poor in true benthonic fossils. 

The following types of environment have been shown to accumu- 
late organic matter :— 

1. Continuous accumulation on the sea-floor under apparently 
non-toxic conditions but out of reach of current action. This 
has been made the subject of special study by those conducting 
the American Petroleum Institute research into the conditions 
under which source sediments of petroleum are accumulating to-day, 
and will be described in detail later. 

2. Poisoned or stagnant bottom water conditions, Black Sea type. 

3. Estuarine conditions. 

4. Cataclysmal accumulations. 

(a) From volcanic causes, involving the wholesale destruction 
of aquatic life, followed, in the case of sub-aerial volcanic 
eruptions, by the sedimentation of the remains with volcanic 
dust. 

(6) Sudden change of the temperature of water from various 
causes ; the shifting of cold currents, upheaval of cold bottom 
waters in earthquakes, etc., producing extensive destruction 
of marine life, especially of fish which are sensitive to sudden 
temperature changes.!* 

5. Peat bog and vegetable “ sapropelic ” deposits. 


6. Algal accumulations, such as coorongite, resulting from 


is which 

bodies 

inds, do 

Vv clays 

wn oil 

od, but 

D0siti 

Exactly 

condi- 

natter. 
iments 
nay be 

tioned 

itions, 

aterial 

or the 

rganic 

thick 

ctive. | 
fish 

shales 

times 

nsive 

ash 

aska, | 
and | 
the 

sh. 

h as 

‘ium 

] be 

ned. 

gely 

out 

gen 

ast 


124 KELLY: ORIGIN OF SOURCE SEDIMENTS. 


7. Evaporation accumulations such as those forming in the 
Quaral Boghaz. 

Of these, peat bog and similar deposits appear to lead, in general, 
to the coal or carbonaceous type of organic preservation. White® 
remarks: ‘‘ The so-called bituminous sediments—the bituminous 
shales, bogheads, cannels, etc.—are typically aquatic, and in most 
cases are formed largely from aquatic organisms, including plankton 
that fall to the bottom as oozes or slimes—the so-called sapropel ” ; 
and Trask states that in the investigation of source sediments, 
special emphasis is to be laid on marine or brackish water sediments, 
as geological evidence indicates that most source beds had such 
an origin. Hence, the oil-forming sediments are to be looked 
for in marine or brackish water environments at the present day, 
Taylor™ suggests that all shales overlying oil-bearing strata have 
been deposited as sodium clays in salt water and have been subse. 
quently hydrolysed in fresh. While his evidence appears to show 
rather that the impervious beds have been so formed than that 
the mother rocks have undergone hydrolysis, it appears that 
most shales associated with petroleum are of the sodium type 
which results from deposition in salt water. 


OrcanismMs SuGGESTED as LIKELY TO Provipe Om 
Source SEDIMENTs. 


The determination of the source beds of any oilfield is a matter 
of considerable difficulty, and, in most cases, the mother rock of 
an oilsand has never been indisputably identified. 

Naturally, with this difficulty in identifying the mother rock, 
the elucidation of the nature and sedimentary environment of the 
organic material in the mother rock is a matter still more difficult. 
It is quite possible that in very many cases there remain no recog- 
nisable traces of the organisms whose remains have provided the oil. 

No single specification of the type of organic material responsible 
for the oil, or of the conditions of deposition, can be made, and the 
tendency of a few writers towards dogmatic assertion of a particular 
origin of all petroleum is to be deprecated. 

Of marine or brackish water organisms there have been suggested 
as specific sources: foraminifera, radiolaria, diatoms, alge other 
than diatoms, and fish. Terrestrial vegetation has also been 
suggested as a source.” 

Terrestrial Vegetation.—The possibility of the accumulation of 
much organic material .rom terrestrial vegetation and of its deposi- 
tion under conditions such that it would be preserved as a petroleum 
producing sediment appears remote. There is little evidence of 
the direct association of the remains of land vegetation with oil- 
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producing rocks; even where the lateral facies of oil bearing 
strata are lignitiferous, the actual petroliferous phase usually shows 


general, no vegetable remains. 

White® Murray Stuart* advocates, for the origin of the Burma oil, 
uminous # sedimentation of already formed oil from swamps by the entrapping 
i most # of the oil globules in mud. Certainly oil globules are mechanically 
lankton carried down and held by mud particles, but there is no evidence 
ropel”; Bf of the formation of liquid hydrocarbons from vegetable matter 


decomposing in lagoons or swamps. 
Foraminifera.—Foraminifera have been specially suggested as 
the source of the petroleum of Persia, as the Asmari limestone, 


oan considered to be the mother rock, contains conspicuous foramini- 
* hen feral remains.**, Little evidence of the actual production of sub- 
subse. stances likely to yield petroleum from the protoplasm of foraminifera 


has been advanced. It appears that large proportions of the 
shells of foraminifera are empty at the time of deposition in sedi- 
ments, having been abandoned by the inmates for reproductive 
p . Thus, Cushman*® observed that certain foraminifera 
(/ridia diaphana) will leave their shells to swim freely as naked 
masses. Moreover, the tests of the pelagic forms of foraminifera 
do not sink till empty. 


IL 
Radiolaria.—Although the remains of radiolaria are resistant, 
they only form significant contributions to a deposit when the 
matter # environment is such that other materials are scarce, as in the deep 
ock of BF sea deposits (12,000-15,000 ft.), and in certain very exceptional 
local environments. From this it appears that the radiolaria do 
rock, # not bulk sufficiently to be of importance, especially as there is no 
of the evidence that they yield much organic material even in their 
ficult. J richest accumulation. 
hood | Diatoms.—The tests of diatoms are abundant in strata closely 
nsible | %80ciated with oil in many oilfields. Their first appearance is 
d the § i the Trias. Diatoms are believed to have been responsible for 
cular § the oil accumulations of the Monterey shale of California.** Un- 
doubtedly, the oil originates in some portion of the Monterey 
ested | Shale, but the specific origin of that oil, and even the exact nature 
other | Of the peculiar siliceous shale, are not settled beyond dispute. 
been | lhe diatom content of the diatomaceous portions lies, according 
to Keeley, between 1 and 10 per cent. From this Anderson and 
Pack deduce that if the average diatom content of the whole shale, 
m of § which is 800 square miles in area and on the average half a mile 
posi- § thick, were 1 per cent., and 1 per cent. of the diatom content were 
leum — converted into oil, 1,000,000,000 barrels of oil would be formed. 
e of Takahashi”, however, came to the conclusion that the oil in 
oil: § the Monterey shale was not mainly derived from diatoms, but 
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from other organisms not represented as fossils. “The purest 
diatomaceous earth occurs in the upper zone of the Monterey 
shale; whereas the oil is associated with the siliceous and marly 
shales of the lower part, which were probably deposited under 
different conditions.” 

Macfarlane™, basing his deductions on the work of Takahashi, 
Lawson and others, asserts that a large proportion of the siliceous 
Monterey shale is of volcanic origin, and that the oil is derived 
from the remains of fish periodically killed in large numbers by 
vulcanism. 

Diatoms are universally distributed in fresh and salt water. 
They are more abundant in the ocean than any other pelagic plants, 
being most numerous in cold latitudes, as they prefer cold water. 
They exhibit a marked periodicity which appears to be related 
to the occurrence of flood conditions, whereby the nitrate and silica 
content of the water is increased. They may also be killed in 
large quantities by fresh water dilution of sea water, as happens 
off Copalis Beach, Washington (diatom “ epidemics ”’).** 

At times diatoms become exceedingly abundant under condi- 
tions which are not precisely understood. They may occur in 
floating banks many miles long and several fathoms in depth. 
In the Adriatic a condition of the sea—Mare Sporco—is encoun- 
tered, when diatoms form gelatinous agglomerations, buoyed up 
by the oxygen bubbles resulting from photo-synthesis, in such 
masses as to break fishermen’s nets by their weight.?* 

The products of photo-synthesis appear, in the main, to 
accumulate as drops of fatty oil which are usually conspicuous in 
the cells under fair conditions of nutrition. The dried remains of 
the diatoms killed in the sea off Copalis Beach in the “ epidemics,” 
and washed up in masses by the waves, contain 78-7 per cent. of 
siliceous material and 2-07 per cent. of oil extractable by ether. 
This oily matter represents 9-7 per cent. of the total non-siliceous 
material of the dried diatoms.** Another estimation of the total 
organic matter in dried diatoms, collected by netting at the surface, 
gives 16-75 per cent., which is slightly lower than the first. 

There is some evidence of the existence of oil or of compounds 
likely to yield oil on distillation in the richest recent diatomaceous 
deposits, such as keiselguhr, which may contain up to 10 per cent. 
of organic matter. The total organic content of the sediment 
forming in the Antarctic diatom belt does not exceed 1-6 per cent.” 

In an environment where no oxidation of sediments could take 
place, diatom remains might be expected to yield organic matter 
to the extent of perhaps 4 per cent. of their weight. This is not 
large compared with such organisms as fish, but might be significant 
on account of the enormous numbers in which diatoms occur. 
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The products formed by the anzrobic bacterial decay of diatoms 
have been found experimentally to include carbon dioxide, 
methane and hydrogen sulphide, but none of the higher hydro- 
carbons has been identified therein** The absence of higher 
hydrocarbons in the products of bacterial decay of organic matter 
has been noted previously, and is not confined to diatom decay 


products. 

Alge.—The non-siliceous alge, both microscopic and 
forms, offer a likely source of organic remains. Oil shales of the 
torbanite type have for some time been considered to be algal 
accumulations. Basing his arguments partly on the algal accumula- 
tions of the present day, Thiessen* showed that the torbanites are 
probably mainly algal accumulations, demonstrating that the 
microscopic yellow bodies in them are very similar to the thalli of 
present-day colonial alge which secrete oil. 

The main objection raised to this theory concerns the uncom- 
pressed and undistorted appearance of the yellow bodies. Algw 
are by no means resistant or hard bodies, and it seems that the 
yellow bodies may have grown in place after the deposition of the 
shale. This idea is supported by work done by R. Potonie and 
Helmers, who have shown that melted paraffin, shaken almost 
to solilification point in an aqueous solution of gelatine, gives rise, 
on cooling, to aggregates displaying a structure completely com- 
parable with that of the yellow bodies of torbanite. 

Professor Jeffery® believes that the supposed alge are spores 
of higher plants with patterns on their resistant outer membranes 
simulating cell structure, and draws special attention to the diffi- 
culty of reconciling the wonderful preservation of delicate alge 
with the occurrence in the same matrix of woody fragments which 
have retained much less of their more resistant framework. 

However, even if it should be shown that the identification of 
the yellow bodies as the thalli of alge is in some cases erroneous, 
it seems that the algal theory is the most likely so far advanced, 
the general similarity of present-day algal accumulations, in nature 
and richness, to torbanites being very striking. 

With regard to marine alge, Hackford has recently shown that 
oil and bitumen are produced by the prolonged acid hydrolysis of 
algal extracts at ordinary temperatures, and that sulphuric acid is 
developed by the initial decomposition of the alge. It is difficult 
to reconcile this theory of the origin of some oils and bitumens 
with the work of Taylor, who has shown the almost invariable 
alkaline nature of the clays and shales of oilfields, and has affirmed 
that the decomposition of organic matter forming oil takes place 
under alkaline conditions. The demonstration of the formation 
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of oil and bitumen from the aqueous extract of marine alge appears 
rather unnecessary in view of the fact that marine alge can be 
shown to store up true fats in considerable quantity. The actual 
amount of fat stored up appears inversely dependent on the depth 
at which the alge live. 

Thus, Russell-Wells** gives figures of brown seaweed fats :-— 


Petrol ether 
ex 


Species of weed. 


Pelvetia libera 


Fucus vesiculosus ani 114 1-9 
Laminaria dizitata ae 123 0-16 


All percentages on oven-dried material. 


P. libera is a free floating marsh form exposed to desiccation for 
considerable periods. 

P. canaliculata is a fixed form covered with water daily. 

F. vesiculosus lives at a lower zone than P. canaliculata. 

L. digitata is a deep seaweed only exposed for a short period 
during spring tides. 

Thus, it is seen that L. digitata, which was selected by Hackford 
for his experiments, is comparatively lacking in true fats which 
might be expected to yield oil readily, containing only about 
one-fortieth of the fats of a surface living weed. 

The zone in which the fixed brown seaweeds flourish is strictly 
limited to the sunlit zone, and the chances of large quantities being 
detached and sedimented in the silt zone appear remote, while 
sedimentation in place would not produce a rich sediment, the 
amount of material required to cover a patch of laminaria effectually 
being enormous compared to the bulk of the weed. Surface weed, 
under such conditions as thcse prevailing in the Sargasso Sea, 
might steadily deposit remains on the bottom. 


Fish.—The theory of the origin of oil from fish is of long standing. 
Fish certainly contain large quantities of oils and proteins, which 
may be shown to yield petroleum on distillation (Warren and Storer, 
Engler, Hofer), and they represent, probably, the most “ concen- 
trated” form of organic matter available in nature. They also 
occur widespread in enormous quantities. Thus, in 1912, along 
the north American Coast from Connecticut to Florida, about 
100,000,000 Menhaden were caught, yielding 6,650,000 gallons of 
fish oil.*° Bairde and Goode stated that this number was insigni- 
ficant compared with the numbers devoured by other fish. Goode 
estimated that “ the bluefish alone in one season probably devours 
three millions of millions of Menhaden,” and hence Macfarlane 
estimates that if one-fourth of the Menhaden in that area were 
killed and their bodies deposited under conditions suitable for 
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preservation, oil shales capable of producing 1,000,000,000 barrels 
of oil would be formed. He suggests cataclysmic killing of the 
fish and the deposition of the remains with vol:anic ashes. 

Fish are certainly readily killed en masse by volcanic influences, 
such as ash or chemicals in the water, by shock from earthquakes 
or by sudden changes of temperature (change of currents, turning 
over of bottom water by earth movements, volcanic heating). 

Thus, the effects of the 1912 Katmai eruptions in Alaska are 
reported *¢ :—‘‘ Marine life was affected to a larger extent than 
would have been expected. The writer (Parker) observed that the 
barnacles and mussels, as far down as low tide in Katmai Bay, 
were mostly dead. Kelp was apparently dead as far as the eastern 
end of Agfognak Island. Cod and halibut are reported to have 
died in great numbers in the shallower waters of Lower Cook 
Inlet.” Lower Cook Inlet is 150-200 miles, and Agfognak Island 
is 100 miles, from the volcano. 

Some apparent mother rocks show abundant fish remains, often 
preserved so perfectly as to suggest extremely rapid burying. 

It is quite likely that, under conditions of geosynclinal accumu- 
lation as opposed to the continental shelf deposition at present 
predominating, cataclysmic deposition involving the wholesale 
destruction of fish and, in fact, of all marine life, may have been 
frequent and recurrent, especially in the later stages of the 
geosynclines when vulcanism generally became manifest. 

If, however, many oil sediments owe their oil content to the 
remains of fish killed in large numbers and buried almost 
immediately, it would be expected that the phosphatic content of 
such beds would be high, for the phosphates are among the most 
insoluble of naturally occurring salts, and no other phosphorus 
compounds have been found in any quantity in any sedimentary 
environments. 

No great phosphatic deposits have been reported from known 
oilfields. Certainly, the conditions of deposition of phosphates 
and petroleum-forming material seem somewhat similar, for 
sedimentary phosphatic deposits are almost invariably impregnated, 
and in some cases are saturated, with hydrocarbons, but there is no 
converse association of phosphates with petroleum. 

As an extreme example of the phosphate content to be expected, 
suppose an oil shale yielding 100 gallons to the ton has derived this 
oil entirely from fish remains. Then, no concentration of oil in 
the shale having taken place, the original mud, corresponding to 
the ton of shale, must have contained fish remains capable of 
yielding 900 Ib. of oil. The herring, a typical oily fish, contains in 
the fresh state approximately 11-2 per cent. protein and 3-9 per 
cent. fat. The protein contains about 1-15 per cent. phosphorus. 
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Then, assuming that, under very favourable conditions of sedimen- occu 
tation, the protein and fat together yield sufficient oil or “ kerogen ” whil 
to equal in weight the original fat of the fish, the amount of pho: 
phosphorus corresponding to this oil will be about 3-3 per cent. The 
Hence the oil shale will contain 30 lb. of phosphorus to the ton und 
from the fish protein alone, without considering the bony material. pho 
This corresponds to approximately 160 Ib. of calcium phosphate wat 
to the ton. Nothing remotely approaching this figure has been not 
reported, and it therefore seems that, in the case of such deposits I 
as torbanites, the fish theory is completely untenable. of t 
In the case of mother rocks producing, say, three gallons of ma) 
petroleum to the ton, as seems a fair figure for many fields, the was 
phosphate content would be expected to be from four to five pounds At 
of calcium phosphate to the ton, or about 0-2 per cent. phosphate, to | 
which is not above the average phosphate content of sediments. to’ 
The question of the actual relative bulks of the various forms of ( 
life in the sea and the relative amount of organic material in the 
sediments which might be assigned to the microscopic forms of vic 
life appears to have received comparatively little attention. It is eit! 
generally assumed that microscopic life is overwhelmingly pre- as 
dominant in bulk, the implied reasoning apparently being :— wh 
1. All the larger animal organisms, such as fish, depend, be 
ultimately, on microscopic organisms for food. } 
2. Therefore the total bulk of the microscopic forms of life must of 
be very much greater than that of the macroscopic life. gr 
3. And therefore the contribution made by microscopic life to be 
organic debris must be much greater than that made by the 
macroscopic animal life. 
How far this reasoning is legitimate is a matter of doubt. On 
account of the enormously rapid rate of reproduction of microscopic P 
life it does not appear that the bulk of that life at any one time, = 
regarded as so much combined carbon, is necessarily much greater rs 
than the macrobiotic. Thus, a fifth of the microscopic life in - 
the sea might be consumed daily by the larger organisms without by 
diminishing the total bulk, so rapidly does reproduction take place. hi 
Murray estimated that the Red Sea contains 51 tons of calcium 
carbonate, suspended as the shells of microscopic organisms, to w 
the square mile in the top 100 fathoms. This would correspond th 
to a considerably greater weight of organic matter, for only a h 
portion of the plankton secrete calcium carbonate, but it is not 
large; the amount given would only form a few thousandths of t! 
an inch of sediment if all deposited simultaneously. t 
However, the amount of microscopic life in many waters is fi 
undoubtedly enormous. As mentioned previously, diatoms may 3 
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occur in such numbers as literally to thicken the surface waters, 
while other organisms are frequently almost as plentiful; in the 
phosphorescence of tropical seas every drop is brightly luminous. 
The actual factors in the swarming of the plankton are not fully 
understood. Partly, the plankton is dependent on the nitrate, 
phosphate and silica content of the water, and in very warm 
waters, where denitrifying bacteria are active, the plankton may 
not be as plentiful as in colder waters. 

The phosphate content of the water depends on the maintenance 
of the phosphorus cycle. In the open sea the phosphate content 
may be very small. Thus, in the Atlantic ocean no phosphate 
was detected in the first fifty metres in a particular investigation.” 
At 500 metres depth the phosphate content was 50 milligrams 
to the cubic metre, and at 3000 metres depth it was 88 milligrams 
to the cubic metre, less than one part in ten thousand millions. 

On the whole, the bulk of life in the upper or sunlit zone of 
the sea is enormous, and from this mass of organic matter in the 
vicinity of the surface there is a steady falling of organic débris, 
either directly as the dead bodies of the plankton, or indirectly 
as the excreta or bodies of the nekton, on which, in the zones 
where there is no sunlight but there is available oxygen, the entire 
benthos depends. 

The bulk of this organic matter is probably in a state of 
microscopic sub-division, and the recognition of the specific sources 
of even the freshly deposited material would be a task of the 
greatest difficulty, and after lithification of the sediment would 
be an impossibility. 
Present Day SEDIMENTATION. 


The research programme of the American Petroleum Institute 
includes a project, No. 4, dealing with the conditions under which 
source sediments of petroleum are accumulating to-day. This 
is by far the most comprehensive research of the kind yet under- 
taken. So far, only preliminary accounts of the results obtained 
have been published. 

General Account..—It was considered that special emphasis 
was to be laid upon marine and brackish water sediments, as 
the general geological evidence indicated that most source beds 
had such an origin. 

The first study was of the organic matter as it reaches the bottom, 
then at successive depths beneath the surface, enabling comparisons 
to be made to trace the changes that occur in the source material 
from the time it first accumulates until it reaches the final rock 


state. 
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Sediments from ali parts of the world were studied to ascertain 
the general distribution of organic matter in sediments and to 
select the richer areas for detail study. 

The sediments were at first assayed by dry destructive distilla- 
tion as the least objectionable method; but subsequently the 
determination of nitrogen was used in preference, it being found 
that the nitrogen in sediments, which is readily estimated, bears 
a practically constant ratio to the organic matter. 

Samples from well cores of supposed mother rocks were similarly 
treated and gave similar results, only two giving more oil than 
the richest recent deposits. 

It was found that the more fine grained a deposit, the more 
likely it is to be a source bed, but good potential beds are rare. 
Sands contain very little organic matter. The limestone forming 
deposits of Florida Bay and Cuba yielded 2 gallons per ton on 
distillation and are as rich as any marine deposit. An Algal 
lake deposit from Northern Florida yielded 28 gallons per ton 
and is evidently the mother rock of a rich oil shale. 

In general, it was found that the accumulation of organic matter 
was most marked in depressions or closed basins in the sea floor, 
the organic content of a deposit whose physical appearance remained 
constant varying remarkably in a few miles; in the Channel 
Islands region of California, west of Los Angeles, the organic 
content of the sediments in the closed basins of the continental 
platform is three times that of the adjacent slopes, although no 
appreciable difference in the physical character of the sediment 
is apparent. Such contrasts may explain barren structures 
adjoining commercial pools. 

To investigate the character of the organic material, 50 to 500 Ib. 
samples from the richer areas were treated with carbon tetra- 
chloride. No liquid hydrocarbons were found. Solid paraffins, 
organic pigments and fatty acids were present, each about five 
parts per hundred thousand. From this, -it was presumed that 
liquid petroleum does not form to any appreciable extent while 

the sediments are being deposited, but is produced later from 
material solid at the time of deposition. Organic sulphur com- 
pounds to 30 parts per hundred thousand, and free sulphur from 
22 to 104 parts were present. 

The amount of the organic content extracted by carbon tetra- 
chloride is small, only amounting to about 2 to 5 per cent. of the whole. 

Cellulose and its simpler decomposition products are present 
only in very small amounts in marine sediments of all types. 

The conclusions reached in the first report were :— 

1. That it is improbable that petroleum forms in sediments at 
the time of, or shortly after, deposition. 
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2. That the organic content of a deposit may vary laterally 
while the physical appearance does not change. 

3. That depressions in the sea floor favour the concentration of 
organic matter. 

Of these, possibly the most interesting is the first conclusion, 
that petroleum does not form at the time of, or shortly after, 
deposition. Many of the theories advanced have implied a forma- 
tion of petroleum almost simultaneously with deposition; some 
even postulate the sedimentation of already formed oil globules 
in mud. There is now ample evidence that liquid hydrocarbons 
do not form at all rapidly in sediments. 


SELECTED QUANTITATIVE RESULTS OF THE EXAMINATION OF OVER 
1,500 Marrve SEDIMENTS FROM ALL Parts oF THE WorLpD.* 
The nitrogen estimation was found most convenient. Multiplied 
by 14, it gives the organic content ; the range is 0-01—0-76 per 
cent., corresponding to 0-1—7 per cent. organic matter. 


Greatest Organic Content. 
Mean parts Corresponding 
Locality. nitrogen organic content 
per 10,000. per cent. 
Open Seas. 
N. Atlantic 6 0-84 
S. Atlantic 3 0-42 
N. Pacific 8 1-12 
Antarctic diatom belt ll 1-5 
Nearshore Sediments. 
Abyssal, Behring Sea 5-2 
Lower Continental Slope, 

West N. and America .. 40 5-6 
Channel Islands, California . 56 7-8 
Gulf of California .. 7-4 
Pamlico Sound 5-2 
Florida tay . 41 5-7 
Gulf ot Maine 28 3-9 
Lake Ma acaibo 47 6-6 
Gulf of Guinea 32 45 
Black Sea ° 36 5-0 
Baltic Sea... 29 41 
East Indian Archipelago 36 5-0 
Abyssal, 8. Japan .. 38 5-3 

Poor Nearshore Sediments. 
Alaska, Canadian Arctic 17 2-4 
Davis Strait .. 1-2 
Continental Slope, Washington 12 1-7 
East 8S. America 1-8 
Gulf of Mexico ll 1-5 
Red Sea an 0-55 
Seas around Great Britain .. 8 1-12 
Mediterranean 2-0 
Antarctic 8 1-12 
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From these results it is seen that the greatest organic deposition N 
takes place in near shore environments and that the deposits of the abst 
open seas are poor in organic content. of 

The greatest organic accumulations occur in closed basins or stra 
depressions in the sea floor of temperate, sub-tropical and tropical larg 
seas in the neighbourhood of land. The inflow of fresh water, 
stated by some authors to be largely responsible for conditions 


favourable to the accumulatior of organic matter, does not seem 1 
to exert any great influence. The determining factors are probably rem 
the configuration of the sea bottom resulting from nearshore Au 
environment, and the presence of land derived nitrates, phosphates, sur 
silica and sediment, rather than the dilution of the salt water by left 
much fresh water. 
INVESTIGATION OF THE SEDIMENTATION PROCEEDING IN THE (N’ 
CHANNEL IsLanps REGION oFF CALIFORNIA.*® anc 

This area is one of the most favourable areas found. Along be 
most of the west coast of North America the continental platform ona 
is shallow, but off S. California, between Pt. Concepcion and San ( 
Diego, it expands to a width of 150 miles, the expansion being (Ei 
effected by an embayment of the coast line. The floor of the So 


platform in this area is very uneven and consists of a series of 
ridges and depressions, some ridges rising as islands. 

Many of the depressions are closed basins. Four basins, ranging 
in depth from 300 to over 1000 fathoms, were investigated. The 
organic content of the deposits was estimated by multiplying the 
organic carbon content by 1-7, thus following the method of soil 
chemists, the organic carbon being the difference between the total 
carbon and the carbonate carbon. 

It was found that the mechanical composition of the deposits 
varied with the configuration of the ccean depths, the fine sediments 
accumulating in the basins and the coarse deposits on the divides 
between the basins, submarine topography having thus a greater 
influence on the nature of the sediments than has distance from the 
shore or depth of water. These results are apparently due to the 
effects of water circulation. 

The calcium carbonate content was, in general, less in shallow 
waters than in the depressions, where a maximum of 16 per cent. 
was reached. The organic content varied from less than one per 
cent. on the ridges to about seven per cent. in the deepest basin. 

The carbon-nitrogen ratio, both for the sediments from the 
Channel Islands region and from other localities, varied little 
from 8-4. Hence, the factor 14(=8-4 x 1-7), mentioned in connection 
with the estimation of organic material, was suggested. 
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No stratification was observed in the fine sediments. This 
absence of visible stratification is frequently reported by observers 
of sediments in the process of deposition. Apparently visible 
stratification in sediments of the same grain sizes throughout is 
largely developed in the final stages of lithification. 


Present Day ALGAL ACCUMULATIONS. 


The most well known of present day accumulations of algal 
remains rich in oil takes place in the Coorong district of South 
Australia. A greenish-grey scum of algal remains forms on the 
surface lagoon waters in winter, is blown to the shore and there 
left by the evaporating water to dry as a thick dark-brown elastic 
“ blanket ” known as coorongite. 

Similar deposits are found in Portuguese South East Africa 
(N’hangellite), Northern Florida, Wyoming, the Playas of Nevada, 
and especially in Turkestan, where the accumulations are said to 
be as much as 12 metres thick, sometimes occurring buried in 
sands 20 kilometers from the nearest lake. 

Coorongite consists, mainly, of the remains of unicellular alge 
(Eleophytor), with very thick waxy or gelatinous cell walls, 
cemented into colonies. The alge closely resemble the algal-like 


bodies of torbanite or boghead coal.” 

A typical analysis of coorongite is :— 
Moisture and substances volatile at 120° C. a 0-8 
Gaseous distillates, with acid reaction .. .. 140 
Oily distillate ee as -- 69-2 
Tarry matter and coke 101 

Ultimate analysis :— 
Moisture 0-46 
1-79 
Fixed carbon .. 1-005 
Oxygen, ete. .. ie 20-375 


It appears that bacterial decomposition practically ceases in 
coorongite after desiccation. How far the saline conditions of 
formation and the remarkably low water content of the substance 
aid in preservation is not known. The coorongite, once dried, 
appears to become insoluble—possibly owing to partial oxidation 
in sunlight—and partially bituminised, and hence is likely to be 
covered up more or less unaltered by the next seasonal movement 
of the lake or lagoon waters. This appears to be a very likely 
source of rich sediments from which oil may be freed by dynamo- 
thermal influences. 
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At least two conditions of deposition of large quantities of 
desiccated algal material can be imagined: the slow shift of the 
shore line of a fairly constant body of water, leaving behind thick 
marginal deposits, as appears to happen on the shores of Lake 
Balkash ; or the seasonal flooding of flat lying land, leaving behind 
a thin extensive layer of material on each drying. 

It is not necessary to postulate complicated chemical reactions 
to account for the formation of hydrocarbon oils from a material 
such as coorongite. The material yields hydrocarbons on simple 


VuLcaNisM IN RELATION TO PETROLEUM SEDIMENTATION. 


Of all possible causes of the wholesale destruction of aquatic 
life, vulcanism appears most far-reaching. The theory of the 
widespread volcanic destruction and sedimentation of organic 
matter has been developed at lehgth by Macfarlane, who, however, 
has advocated fish alone as the organic material to be considered. 
Except that fish are more sensitive than lower forms of life to 
changes in their conditions of life, there seem to be no reasons 
against extending the theory to cover all forms of aquatic life. 

Undoubtedly, volcanic eruptions are accompanied by wide- 
spread destruction of aquatic life, but naturally, owing to the 
circumstances, the data available are neither detailed nor reliable. 
However, as an example, it seems that in the eruption at Katmai 
in Alaska in 1912, all marine life, animal and vegetable, within a 
radius of perhaps 100 miles, was killed, while fish were killed in 
large numbers as much as 200 miles away. (The causes of death 
are, partly, the toxic effect of the volcanic products, and, in the 
case of fish, partly the effect of shock.) Thus, an amount of organic 
material, virtually the maximum possible at any one time in that 
area, was available for sedimentation under conditions where 
the chances of immediate consumption by other organisms were 
minimised. Moreover, the covering sediment was provided by 
the fine volcanic ash, and this ash seems peculiarly suitable for 
the preservation of organic remains, and might even be regarded 
as likely to furnish the acid which Hackford has shown to hydrolyse 
algal remains to bitumen and liquid petroleum. It is possible 
that volcanic ashes may take a colloid form on falling into water, 
which would be very effective in the preservation of organic remains. 
Similar destruction of life would be caused by submarine vulcanism. 

Objections to the theory are evident; the ash deposits will 
have a vast bulk compared with the amount of organic matter 
present in the sea at any one time, and the effects of vulcanism 


may be neither sufficiently regular nor widespread. In regard 


Ps 


acti 
: 
squi 
. tillation. one 
7 bei 
wit 
ext 
» 
fre 
4 
: 
| wi 
y 
2 
_ 


KELLY: ORIGIN OF SOURCE SEDIMENTS. 137 


to the latter objections, Macfarlane estimates that if each 
of the volcanoes of Alaska which are known to have been 
active in the past four centuries gave once in that period an ash 
deposit equalling that given by Katmai Volcano in 1912, a deposit 
95 ft. thick would be laid down over an area of, at least, 40,000 
square miles. 

The analyses of sediments from the Alaska region do not show 
marked richness in organic matter, the maximum being 2-4 per cent. 
organic matter. This, while showing that the Alaskan region 
is not at present providing rich sediments, is not an argument 
against the general theory. Organisms are certainly killed and 
deposited in sediments by vulcanism, their subsequent preservation 
being dependent on the environment. 

Bentonite, a clay-like mineral derived from volcanic tuffs by 
devitrification and alteration, is found in close association both 
with oil-bearing strata and with coal seams. It is a hydrated 
aluminium silicate with a ratio of alumina to silica lying between 
1:5 and 1:3. Bentonite beds are uniform in thickness over 
extensive areas, even when in inch thicknesses. Thus, a bed of 
bentonite in the Ordovician of Tennessee, Kentucky, Ohio and 
Alabama has a known north-south extent of 445 miles. In places 
the recurrence of such beds appears frequent. In the Douglas, 
Wyoming, oilfield 35 thin bentonite beds have been reported 
from the Lower Thermopolis (base of the Colorado Series, Upper 
Cretaceous) shales. It is possible that bentonite beds may occur 
more frequently in oil-producing formations than is generally 
recognised. -On account of their nature, very thin beds of plastic 
water-absorbing clay, they are most unlikely to be recovered in 
core drilling, while they would not be very evident in outcrops. 

It has been suggested that these beds mark periods of destruction 
of the fauna and flora and of consequent petroleum formation. 
Against this idea it must be admitted that bentonite is remarkably 
unfossiliferous and contains no organic matter, and there are no 
reports of the “ bone beds” which would be expected below the 
bentonite were it the blanket of volcanic ash deposited over an 
accumulation of suddenly killed organisms. The deposition must 
have been very rapid, for practically no other sedimentary con- 
stituents besides the clay materials are present. Bentonite may, 
however, have been developed in environments where there was 
little organic matter, and may be represented elsewhere as a 
bituminous deposit not recognised as volcanic. Thus, it is con- 
ceivable that an ash shower falling into both shallow and deep 
waters might in the former produce toxic conditions, while in 
the latter, on account of the greater volume of the water, might 
be harmless to life.. The result would be a bed of bituminous 
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material with, probably, intermixed coarse sediment, passing 
laterally into pure bentonite. 

The well stratified, regular, extensive nature of bentonites 
certainly suggest formation in deep tranquil water where other 
sedimentation was small, and a lateral facies might be bituminous. 
There is no definite evidence for this. 


Tue RELATION OF ENVIRONMENT TO THE PRESERVATION OF 
OrGanic MATTER. 


It is possible that oil source sediments have accumulated under 
conditions which are nowhere approached at the present day. The 
exact conditions of coal formation are not duplicated to-day. 
However, bituminous sediments are more widespread, both in space 
and in time, than the carbonaceous sediments, and it is reasonable 
to suppose that bituminous sediments sufficiently rich to provide 
petroleum accumulations in the future, given favourable tectonic 
structures, are now being laid down. 

On the whole, it is seen that sediments containing significant 
organic matter are fine grade deposits laid down under tranquil 
marine conditions fairly near land. 

The specific source of this matter is not definitely known, little 
attempt having been made to identify the organisms mainly 
represented. However, the amount of the matter has been 
thoroughly estimated. 

The preservation then appears to be solely an inverse function of 
the available oxygen-content, either as dissolved oxygen, or as 
sulphate or nitrate, of the bottom water and the sediment. The 
obtaining of samples from different depths below the sediment 
surface is difficult, but it appears certain that, if no oxygen can be 
obtained by organisms at the bottom, the organic matter will 
survive, most of the oxygen therein being removed by the anzrobic 
bacteria. 

The amount of oxygen maintained in bottom waters is deter- 
mined by the environment. If currents bring oxygenated water 
f om the surface or from the shallow water zone, or if sunlight 
penetrates to the bottom, enabling plant life to flourish and yield 
oxygen, the benthos, including zrobic bacteria, will oxidise and 
consume the organic matter. The well-preserved fish remains in 
petroliferous sediments, which Macfarlane cites as evidence of the 
derivation of petroleum from cataclysmic accumulations of fish, 
more probably show a general paucity of bottom fauna, which is 
evidence of conditions favourable to the accumulation and preser- 
vation of organic matter derived from many types of organism. 
Where the benthos flourish, no fish remains are left. Modern sea 
sediments dredged from zones where the bottom fauna thrive’ 
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show practically no fish bones—nothing remotely comparable with 
the preservation exhibited by some petroliferous sediments, where 
even the scales of the fish are scarcely disturbed. 

Unless there is evidence of volcanic ash deposition or of desic- 
cation, the presence of much well preserved fish bone material 
should, therefore, be taken as evidence of a complete lack of oxygen 
in the bottom water. 

It is this complete absence of oxygen which is alone really responsible 
for the preservation of marine organic remains. 

The environment of source sediment accumulation is, therefore, 
that environment which prevents oxygen reaching the bottom 
organic material. Unfortunately, no figures of the available 
oxygen-content of the bottom waters of the various localities 
mentioned as accumulating organic matter are available. If the 
amount of available oxygen in the bottom water of a locality 
throughout the year were known, a confident statement of the 
possibility of the preservation of organic material could be made. 

Low oxygen-content is found in deep water which lies stagnant 
in large hollows in the sea bottom, as in the depths of the Norwegian 
Sea, cut off from the Atlantic by the Wyville-Thomson ridge, in the 
Baltic and in fiords where a ridge lies between the deep water and 
the outside sea. ’ 

In the case of an environment such as that of the Black Sea,’ 
where the water contains from 0-5 c.c. at 150 metres depth to 
6-8 c.c. free hydrogen sulphide per litre at the bottom, there can 
be no available oxygen and the preservation will be good. 

It is significant that, of the localities named above, the Black 
Sea and the Baltic show 5-0 and 4-1 per cent. respectively of 
organic material in the richest zones. 

In the open seas oxygen reaches the bottom through the agency 
of currents and the benthos thrives. Thus, between latitudes 
60° N. and 30° N. the amount of oxygen per litre in the Atlantic 
varies little from 5 c.c. between the surface and 1500 metres depth. 
Near the equator the oxygen-content of the Atlantic water falls to 
about 1-2 c.c. per litre at 500 or 1000 metres depth, but it does not 
fall below this. Hence the sediments of the open Atlantic are 
poor in organic material, being always less than 1 per cent. 

Even the abyssal ooze forming in the depths of the open seas, 
which is comparatively unimportant from a sedimentary point of 
view, is poor in organic matter, as the open sea contains available 
oxygen to the bottom. 

Under certain conditions fresh water basins may become stagnant 
and form richly organic sediments. While this fresh water sedimen- 
tation does not appear to be happening extensively to-day, it was 
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probably effective at many periods in geological history. Some 
undoubted mother rocks in America were apparently laid down in 
very large fresh water lakes. 


CoNCLUSIONS. 


In general, it has been found that enclosed sea floor basins, 
sufficiently deep to prevent sunlight reaching the bottom, and in the 
neighbourhood of land, whence organic debris, fine sediments and 
dissolved salts may be derived, and so situated that no bottom 
currents exist, are accumulating and preserving organic matter 
most plentifully at the present day. 

Similar environments have probably been responsible in the 
past for the accumulation of such source sediments as are of 
undoubtedly marine origin. 

Of the present lagoonal and fresh water deposits, desiccation 
accumulations of alge are likely to form source sediments. 

Environments in which no oxygen reached the bottom water 
may well have developed under the conditions of geosynclinal 
accumulation which have provided the source sediments of many 
of the world’s oilfields, especially if folding of the sea floor in the 
later stages of the geosyncline produced troughs in which there 
would be no bottom currents. 

From consideration of the environment of deposition, outlined 
above, it is seen that association of free sulphur with petroliferous 
sediments is practically inevitable. Moreover, any connate waters 
will be deprived of their sulphate content, and, as sulphide-forming 
bacteria have been reported from many oil horizons, any ground 
waters subsequently coming in contact with the petroleum producing 
beds will be depleted of sulphates. 

Organic matter does not accumulate as liquid hydrocarbons, nor 
are hydrocarbons formed until late in the history of the sediments, 
probably being liberated by geothermal rise of temperature. This 
geothermal rise of temperature may be materially assisted by the 
decomposition of the organic matter. Prof. Berl’ has recently 
shown that the adiabatic heat rise in the coalification of cellulose 
along certain lines would be 1400°C. While there is no evidence 
of much cellulose being present in marine sediments, it seems 
reasonable to suppose that the analogous bituminisation of, say, a 
7 per cent. organic sediment would give an adiabatic increase of 
80° C. in the temperature. 

It is, however, no part of the aim of this paper to give an account 
of the liberation, migration or accumulation of liquid petroleum. 
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INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


RUMANIAN BRANCH 


Tue GENERAL Meetine of the Rumanian 
Branch of the Institution of Petroleum Technologists was held 
at the Chamber of Commerce, Ploesti, on October 28th, 1932, 
Mr. J. L. CHarLiet occupying the Chair. 


Mr. C. Leitch then read the paper on “ Some Observations 
on the Study of an Oilfield,” by Mr. J. W. Weil.* 

The following discussion took place :— 

Mr. J. L. Chaillet said he felt that Mr. Weil wanted to impress 
on all who read his paper that we shall not easily reach the time 
when petroleum engineers possess all data, but that their cry 
for more and systematic data will be a continuous one. The die- 
hards of bygone days can remember the days when the driller’s 
opinion as to where and how to drill a well was to a great extent 
his business ; or it may be that the driller had a boss who usually 
was also a driller or a super-driller and the geologist was far away. 
In fact, his presence in a field was thoroughly disliked. The driller’s 
misapprehension of the geologist’s duty is still expressed in the 
nickname “mud smeller.” But as science developed, the driller’s 
authoritative opinion was gradually superseded by the controlling 
presence of a geologist. The geologists could not any more be 
content with a knowledge of sub-surface hypotheses only; they 
had to be trained in the knowledge of drilling and producing 
practices as well, in order to understand field operations and to 
make themselves more and more useful to the drilling—and 
production—engineers a8 a scientific link in the field organization. 
The geologist thus trained became a trained petroleum engineer, 
who at the start was still mostly confined to the methodical gathering 
and studying of the data from all wells drilled, drilling and produc- 
ing ; but gradually he became a definite assistant for all field opera- 
tions. His task was not limited to the development of the field 
itself, but included the scouting of competitors’ activity, as well 
as gradually getting conversant with the economics of field 
management. 

Thus prepared, he was able to appreciate that the usually scarce 
information of sub-surface conditions existing when a first explora- 
tion well was staked out was insufficient to warrant the drilling 
of expensive wells and letting the drill decide. It is true that 
drilling still gives the most precise means of discovering sub- 


* J. Inst. Petr. Techn., 1932, 18, 881-889. 
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surface conditions, in so far as proper and extensive records are 
kept; but many wells are drilled prematurely. It is that point 
which is the most striking of Mr. Weil’s paper, so kindly read by 
Mr. Leitch. 


Mr. G. Elias said that the question of data is a very serious 
one. Much more serious now than two years ago. This arises 
from the present economic position. It is quite true that a few years 
ago the field side of the oil business was on anything but a sound 
footing. This was due to a very great extent to the lack of technical 
men. No one asked for data and if they were asked for they were 
not made use of. The scientific men began to shout for data. * 
A great deal of use was got from this data. It seemed to him, 
however, that this collection of data is very liable to run off the 
rails if not properly controlled. Collection of data makes fer 
expense. Sorting out makes for expense. Although most people 
connected with the field operations think there is a good deal of 
data which might be made use of, yet there are some which are 
collected at considerable expense, put on files and not used. Data 
must be organized beforehand—how are they going to be handled 
and what use is going to be made of them. He thought we are 
exhorted to collect data, but are not given concrete examples of 
how. Operations have been brought to a more economical point. 
In other words, we are not told how to interpret this data. Taking 
the porosity of sand, pressures, etc., unless properly interpreted 
the money is wasted. In the organization of companies in the 
present crisis, staffs are considerably reduced and companies 
have tended to reduce their staffs in that direction which concerns 
the collection of data. The companies to-day want a very definite 
proof that expenditure on research and collection of data is going 
to bring definite and quick results. If we had had some concrete 
examples of how this data is going to help the operations in the 
near future the paper would have been of considerable value to us. 


One other point—the question of producing from a number of 
horizons at one time—he understood that at Boldesti, at the 
moment, quite a number of sands are produced from one well, 
and he thought if any operator would give his experience on the 
possible ultimate yield of wells producing from more than one 
source it would be very interesting. He remembered some years 
ago at Stavropoleos the fashion was started of producing from 
first and second sands simultaneously. It was found that the second 
was not so strong as was expected, and probably those wells 
producing both sands might have been better if produced from only 
one sand. If some views could be given on producing from several 
sands at the same time the information would be very welcome. 
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Mr. C. M. Pollock, referring to the remarks of Mr. Elias, 
agreed that the accumulation of data lost much of its immediate 
value if not worked out, but pointed out that it would still be 
available for a later and more enlightened worker. At the beginning 
of development in a new field it was difficult to know what types 
of data might or might not later prove of great value, and hence 
the importance of gaining as wide a knowledge as possible in the 
early stages. He emphasised the value of a fuller knowledge of 
surface conditions, and the important part often played by faulting 
in controlling secondary accumulation in a structure. 


Mr. Metch said it is very expensive to do much coring to obtain 
data, as it implies a loss of time. Furthermore, one does not know 
what data will be useful later on. He thought it is necessary 
to find cheaper ways of obtaining data. It has been said that the 
staffs of various companies have been much reduced, but companies 
have fewer wells drilling, and so in many cases there is a staff 
available for watching the wells. It would be a very good thing 
to use this staff, and especially the scientific staff, in watching 
events that happen at wells. In this way he thought that much 
data can be collected. 

Data should be collected when the well is going to be abandoned 
and the casing extracted. For instance, if, during drilling, an 
upper horizon has been noted which might be productive, the 
casing should be slit at that place and a test made. 

With regard to the simultaneous exploitation of two horizons, 
we know it does not pay nowadays to drill a deep well for only a 
small production, but if a well were produced from two or more 
proved horizons it would produce more than from one. He knew 
@ case where a company has asked for permission to exploit two 
horizons, and he thought this would ensure a large production. 


Mr. A. A. Perebinossoff said that with regard to the simultane- 
ous exploitation of several] horizons, until recently there was very 
little simultaneous exploitation of different horizons in Rumania, 
and it is only recently that some of the major companies have 
applied this method in a few fields—Boldesti being the outstanding 
example. The following points are of primary importance : 
(1) Agreement of the mining authorities. (2) The absence of inter- 
mediate water sands, since, as far as he knew, there is not yet any 
reliabie method of shutting these sands off. 

From a purely objective point of view, it would be better to 
test each sand separately before starting to apply the simultaneous 
exploitation method. In any case, the fields in Rumania where 
this method is in use are still too young to allow of any state- 
ments being made which might not later on prove to be erroneous. 
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The statement that simultaneous exploitation cannot give the 
same total recovery as individual exploitation can, however, be 
discussed. Presuming that one sand has a greater rock pressure 
than the other, that sand will be the only one to produce until 
the rock pressures become equal, and then both sands will continue 
to produce together. Theoretically, therefore, there is no reason 
to suppose a lesser recovery. This, of course, no longer holds good 
where competition exists. There are also other factors of secondary, 
but nevertheless considerable, importance, which can affect 
the above theoretical aspect; these are time, the mudding off 
statum of each sand, the bringing-in policy, the size and type of 
perforations in the oil string and size and depth of tubing, and it 
is only practical experience which can perhaps give a true light on 
the effect of these secondary factors. 


Mr. C. M. Leitch said that, with regard to the simultaneous 
production from several sands, he would like to quote an example 
from the Runcu field where it was proved that, in at least one 
well which produced for a short time from two sands simultaneously, 
the upper sand was acting as a thief sand and had to be cased off. 


With regard to the collection of data at drilling wells, he recalled 
the haphazard methods in the early days of the Runcu field when 
little or no attention was paid to the Pontic-Meotic limit and its 
bearing on the depths of the productive sands. Only meagre 
geological information was collected and drilling was carried on 
until the wells blew in with the tools in the hole. He was of the 
opinion that had mure data been collected then a considerable 
financial gain would have been effected. 


Mr. J. L. Chaillet, in concluding the discussion, said that even 
in times of crisis it is still a far-sighted policy not to cut down on 
the collection as well as the working out of data. In times of 
economy and restriction the spirit of research and exploration 
should not slacken. Of course it must be admitted that there 
may be cases where companies cannot afford to be far-seeing. 
The “ Leu ” of to-day is to be encashed otherwise there cannot be 
a “Leu” for to-morrow; but those companies that can afford 
to think of to-morrow should do so, otherwise what would become 
of their shareholders, not to mention their employees. They should 
continue to collect data and realise that up till now there has never 
been enough data available and there is still too much left to 
chance. Mr. Pollock said that the normal type of geological survey 
may suffice to discover a new field and to determine its general 
trend, but that more detailed work is needed to discover all possible 
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We all know how the limits of fields in early development have 
previously been determined by wild-catting. Nowadays there 
should not be so much reason for wild-catting if proper investiga. 
tions are carried out beforehand. In general, he would say that 
oilfields are developed—that is, put into production—too quickly. 
Competition on small structures is usually detrimental to the 
ultimate recovery, for it involves hasty work and decisions being 
taken at moments when scant data entail risk of investment. 

Another point is that a scientific study of data can contribute 
to a possible wider spacing of wells; in fact, we see everywhere 
a tendency in favour of a larger spacing than previously was 
considered good practice. Of course, low prices of crude cause the 
oil operator to be content with a smaller recovery per acre at 
lowest possible investments cost. Further, as regards the point of 
simultaneous exploitation of horizons, all companies in Rumania 
will meet with difficulties in trying to convince the State mining 
authorities of the desirability of such simultaneous development, 
because it is hard to prove its advantages on non-disputable facts. 
This is, however, a matter of time. Instances will be found to prove 
the hypothesis, and even if the total output of a certain well with 
simultaneous exploitation were to be less than that of separate 
wells drilled to separate sands or complexes, it remains quite likely 
that, under prevailing conditions, it might be more economical 
to insist on simultaneous production of horizons in one and the 
same well. 

We should, in this respect, never lose sight of the fact that methods 
of drilling and production are still in evolution, so that many 
impossibilities to-day become probabilities to-morrow. 

It may be that somebody else present would give us his view on 
this particular subject, since Mr. Elias brought this point emphatic- 
ally to the foreground. 

We can all agree with Mr. Metch that, before abandoning a 
well, it is often worth while to open up sands which have been 
passed up during previous drilling. Instances of such are so 
numerous that the relative small cost of investigating such cases 
warrants good average pay. But the success of these operations 
is primarily guided by good records and files as well as an accurate 
interpretation of subsurface conditions of the field concerned. 

In the old days, when a fault was assumed to exist, it often 
happened that a borehole could confirm the existence of it. But 
many times new faults were assumed to be encountered when 
drilling that actually belonged to the fairy-tale books, simply 
because the drilling and coring data or other analyses were hardly 
at all collected or studied, and many technical and mechanical 
mistakes were masked by the assumption of a new fault caused 
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by inadequate drilling data. Such occurrences ought to belong 
to the past for ever, because these questions can to a great extent 
be solved before the well is drilled. 

After passing a vote of thanks to Mr. Leitch (seconded by 
unanimous applause) for his kindness in reading the paper, the 
meeting was closed. 


Mr. J. W. Weil, in a written reply, said that the discusssion 
seemed to reveal that the impression created by this paper was that 
of an appeal for data and yet more data. If this is so, he could 
only state that it was quite unconsciously done, although all 
petroleum geologists will agree that their great need is more 
information to work upon. They will admit that when problems 
are raised or questions asked they must usually reply, “I don’t 
know,” or at the best, with the limited data they have at hand, 
they can only suggest several possible alternatives and make a 
guess at the most probable of these alternatives. 

It is agreed, as Mr. Elias remarks, that much information of 
various descriptions is collected and put away into files never to 
see the light again, though it is doubtful whether this is true of 
purely geological data, of which there is usually all too little. As 
Mr. Pollock remarks, it may be that while certain data cannot 
be used at the moment, at some future time, when conditions in 
the field are better understood, the true interpretation of this 
hitherto unused data may be found and the information fall into 
its correct place. 

As regards the simultaneous exploitation of several horizons, 
it is true, as Mr. Perebinossof remarks, that in theory there is no 
reason for a lessened production. However, all the factors he 
mentions affect adversely the theoretical maximum recovery, 
and probably in every case more than one of these adverse factors 
are operative, so that the recovery will always fall far short of the 
theoretical maximum. 

The time factor may become one of great importance, as in a 
case where a well (No. 1), with two horizons open, is offset by two 
wells (Nos. 24 and 28) each exploiting one horizon. If horizon B 
is of higher pressure than horizon a, well No. 1 would produce only 
from B, and is therefore only an offset to well No. 28. Meanwhile, 
well No. 2a is draining horizon a without any competition from 
well No. 1, and may reduce the reservoir pressure in the surrounding 
area to such an extent that by the time in well No. 1 the pressure 
in horizon B has fallen enough to allow horizon a (with its reduced 
pressure) to produce, the initial production, and consequently the 
ultimate production from this horizon in well No. 1, will be very 
much smaller than those in well No. 2a. Hence a policy, if allowed, 
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of offsetting simultaneous exploitation wells by individual horizon 
wells would result in obtaining a greater share of the oil from the 
lower pressure sand, while recovering an equal share of the pro- 
duction from the higher pressure sand. 

It is true, as Mr. Chaillet remarks, that very detailed investiga. 
tion is necessary to obtain sufficient data to form a basis for the 
study of well spacing, which should be one of the, if not the funda. 
mental, problems of oilfield development. 

He wished to express his indebtedness to Mr. Leitch for reading 
the paper. 
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REVIEWS. 


Tue CaTALyTIc Ox1paTIon or OrGANIc ComrounDs IN THE VAPOUR PHASE. 
L. F. Marek and D. A. Hahn. A.C.S. Monograph No. 61. New York 
Chemical Catalogue Co. Inc. Pp. 486. $9.00. 


This book deals very fully with the catalytic oxidation of organic com- 
pounds in the vapour phase, including a most valuable chapter on the 
phenomenon of knocking in internal combustion engines. The first chapter 
of this book gives a summary of the present knowledge of catalysis and of 
the application of catalytic methods in chemical industry. The function 
of catalysts in increasing the rate of reaction or enabling reaction to be 
carried out at a lower temperature, or to directing a reaction in one particular 
direction where several reactions may occur, are fully discussed, together 
with the influence of the presence of minute amounts of impurity in destroying 
the activity of the catalyst. Consideration is also given in this chapter to 
the physical characteristics of supports or porous carriers for catalysts, 
together with the importance of time of contact, and the general theory of 
the mechanism of catalysis. 


Throughout the book very complete references are given to the literature. 

The next four chapters deal primarily with alcohols, covering their catalytic 
decomposition and oxidation—one chapter being cevoted to the reactions 
in the synthesis of hydrocarbons of alcohols from water gas, and another to 
the oxidation of methanol to formaldehyde. 


The oxidation of paraffin hydrocarbons, olefines, and acetylene is next 
dealt with, together with further chapters on the oxidation of petroleum oils, 
the production of hydrogen from methane, and surface combustion. 

Chapter II. is entitled, “The Cause and Suppression of Knocking in 
Internal Combustion Engines,” and represents the first complete summary 
published of the extensive literature on this particular subject. A detailed 
account is given of the Hydroxylation theory of Bone, the Peroxide theory, 
and of the recent applications of the chain reaction mechanisms to the 
phenomenon of knocking A critical review is also given of the many 
theories put forward as regards the cause of knocking and theories of 
anti-knock action, including a fairly complete account of the literature as 
regards the anti-knock action of tetraethyl lead. 


The remaining chapters deal with the oxidation of aromatic hydrocarbons, 
benzene, naphthalene, and anthracene. The final chapter is on apparatus 
dealing primarily with the commercial production of phthalic acid by the 
oxidation of naphthalene, and maleic acid from benzene, although reference 
is also made to the oxidation of petroleum and the production of formaldehyde 
from methanol. F. H. Garner. 
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Brruminovs Emvutstons ror Use m Roap Works. F. Wilkinson and 
F. J. Forty. London, Contractors Record, Ltd., 1932. Pp. 395. 2s, 


Bituminous emulsions have become so firmly established as road con. 
struction materials that it is a matter for surprise that the literature on 
these interesting products is not more extensive. The present book is an 
ambitious effort to fill the gap that undoubtedly exists. 

The authors being respectively District Engineer to the Willesden District 
Council, and Assistant Borough Surveyor of Ealing, the reader may be 
quite sure that the practical sections of the book will be accurate and 
authoritative. It is a matter for regret that the more theoretical chapters 
suffer from so many inaccuracies and errors of treatment. 

The volume opens with a chapter on general colloid chemistry. This is 
put forward as the briefest outline of the subject ; but it would certainly 
have been better to have omitted some points altogether, and to have 
amplified others which, as now presented, would scarcely be intelligible to 
the reader not versed in the subject. The description of the principle of the 
ultramicroscope on p. 25 is a case in point. This is a subject which might 
well have been omitted altogether, and the description as it stands not 
only fails entirely to convey an adequate idea of the instrument in question, 
but appears to be inaccurate in at least one detail. A further example of 
brevity which amounts to inaccuracy may be found on p. 34: “ Most colloid 
systems have an electric charge.” If this refers to the system as a whole, 
it is, of course, untrue, although the use of a few more words would have 
sufficed to indicate that the dispersed particles and the layers of continuous 
phase immediately in contact with them carry equal and opposite charges 
which result in the system as whole being electrically neutral. The existence 
and distribution of these charges being one of the points of debate in modern 
colloid chemistry, a detailed reference might well have been omitted. 

On page 33, the preparation of bitumen emulsions appears as an example 
of a method of producing colloids. It is regrettable to find the authors 
falling into the very common error of treating the bitumen phase of a normal 
bituminous emulsion as colloidally dispersed. 

From colloid chemistry in general, we — via an exceedingly tagthy 
chapter on “ Bitumen Used in Road Work” “Some Characteristics of 
Emulsions and Emulsifying Agents.” This + he gives a good idea of the 
properties of emulsions which will require to be understood by the road 
maker, but again inaccuracies are in evidence, and the quotation in extenso 
of various patent specifications hardly seems necessary or, indeed, advisable 
for a gencral reader. The important property of viscosity is very sketchily 
treated. The viscosity-concentration relations of suspensoids can only be 
considered as linear over very small intervals of concentration, and there is 
no mention of the important work of Hatschek in this sphere. 

Leaving these theoretical matters, the authors come much more into their 
own territory and the remainder of the book is on a much firmer basis. The 
various processes of manufacture are adequately described, although the 
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classification of processes into “ batch” and “ continuous” is not a funda- 
mental one. The average particle size of enwision made on a particular 
proprietary emulsifying machine is erroneously given on page 209 as 
10-15 microns. This should surely be 1.0 or 1.5 microns. Emulsion with 
any great percentage of particles of diameter 10 microns would normally be 
unsaleable. 

The chapter on “ Tests for Bituminous Emulsions” is very welcome and 
focuses attention in a very necessary direction. Some critical remarks on 
such debatable tests as the Demulsibility Test, and the Mallison Test would 
have been of great interest—there is a body of expert opinion which holds 
that these tests are greatly over-rated in their respective countries of origin. 

The concluding chapters deal witu ‘“ Uses of Bituminous Emulsions,” 
“ Advantages and Disadvantages,” and “ Specifications and Costs.” These 
form very valuable guides for practical men, many of whom will purchase 
this book for the ideas and information which these contain alone. Greatly 
to be commended are the observations given on page 258 and elsewhere 
about the effect of high humidity and low temperature in retarding the break 
of emulsions. The authors certainly do a service to the emulsion user and 
to the manufacturer, in drawing attention to the necessity for studying the 
manner in which weather conditions control the behaviour of emulsions on 
the road. 

Although the authors have, perhaps, attempted too much in delving into 
such involved subjects as colloid chemistry and emulsion physics (which 
have almost inevitably to be left to the expert scientist), they have put 
together a work, which, in its practical sections, has much of value and use 
to the up-to-date road maker. 

The paper, printing, and general make-up are euselient, and the illustrations 
are valuable feature. L. G. 


Le Pérrote EN Roumanie. Mihail Pizanty. Moniteur du Pétrole Roumain, 
Bucarest, 1933. Pp. 384. 

This is a very useful book, as it gives general and statistical details of the 
Petroleum Industry in Roumania. 

The book brings out many facts and figures relating to the Roumanian 
Industry in 1931 and for the first nine months of 1932, and should prove 
very useful to anyone who deals with Roumanian matters. 

The first section gives a general outline of the Roumanian position in 
r.lation to world supply, and also a large amount of data in regard to internal 
consumption, etc. 

The next section deals with Legislation, and so on through the various 
phases of the Industry. 

On the whole the book is well drawn up, profusely illustrated and the 
graphs and charts are exceedingly clear. 

As a statistical handbook it should be very useful in technical libraries. 

G. H. Coxon. 
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Bartish Cuemicats AND THEIR ManuFAcTuRE, 1933. Association of 
British Chemical Manufacturers, 166, Piccadilly, London, W. 1. 

This book contains detailed information regarding the products manu 
factured by the members of the Association, and as such is an invaluable 
work for purchasers of chemicals in all parts of the world. Its value tg 
overseas buyers is enhanced by its being printed in English, French, Spanish, 
Italian, Portuguese and German. Copies may be obtained gratis on 
application to the Association. 

Orrictat Directory oF THE British CHEMICAL PLANT MANUFACTURERS’ 
AssocIATION, 1933. 

A directory of the members of the Association, with a classified list of 
their products and services. Copies may be obtained free on application to 
the Association, 166, Piccadilly, London, W. 1. 
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